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The present invention relates generally to electronic 
computing devices and more particularly relates to a 
unique, low cost, general purpose type of electronic digi- 
tal computing device. 

With the ever-increasing enormity and complexity of 
record keeping and accounting system.s in the business 
world of today, there is accordingly an ever-increasing 
demand, by necessity, for the adaptation and utilization 
of high-speed mechanization techniques compatible v/ith 
such systems. Even though the installation of large scale 
data processors and electronic computing equipment has 
partially satisfied the needs of the larger business estab- 
lishments, unfortunately the>' are not economically with- 
in the realm of practical usage by the smaller business 
establishments. Consequently, the long-felt need by 
smaller businesses is yet to be satisfied. 

Therefore, one of the principal objects of the present 
invention is to devise a new and improved low-cost elec- 
tronic digital computer, which is of the general purpose 
type in that it possesses substantially unlimited arithmetic 
and programming capabilities and yet is characterized by 
extreme simplicity of operation and compatibility with 
present-day record keeping and accounting systems. 

Another object of the present invention is to devise a 
unique electronic computer having the characteristics 
aforesaid and which utilizes a commorcially available ac- 
counting machine as one of its several input-output means 
in a manner such that the printing format is controlled 
almost entirely by the accounting machine and thereby 
minimizing memory space necessary for printing forniat- 
controL 

Still another object of the present invention is to devise 
a unique electronic computer having the characteristics 
aforesaid and which utilizes a serial-digit data-transfer 
technique and an addressable, random access, coincident- 
current magnetic core memory synchronized to its several 
input-output devices in a novel manner to alleviate the 
necessity of extensive buffering to effect communication 
with the devices. 

A further object of the present invention is to devise 
an ambiguous-word type computer having the character- 
istics aforesaid and which is capable of utilizing, in an 
extremely simple manner, an address incrementing and 
decrementing format for an internally stored program 
whereby a single instruction of the program is capable of 
initiating a sequence of like operations on a multitude of 
word significations. 

Another object of the present invention is to devise such 
a new and improved low-cost computer which is adapted 
to utilize input media in the form of data-carrying ledger 
cards, each having recorded thereon a combination of 
historical, current, and fixed data which is not only hu- 
man-readable, but additionally is machine-readable and 
readily adaptable for computational purposes. 

Still another object of the present invention is to devise 
a unique computer of the above-mentioned characteristics 



v/hich not only utilizes the data carried b)' the ledger card 
media and other input media in addition to key-board 
entry data to perform ail calculations involved i.n a com- 
puting operation, but additionally, as an incident to the 
5 coniputing opcralion, updates the ledger card data in both 
its printed human -readable and its magnetically-recorded 
machine-readable sections and is thereby capalsle of pro- 
ducing a printed journal sheet and other output docu- 
ments, if desired. 
10 A further object of the present invention is to devise a 
novel low-cost computer which is capable of suppressing 
ail insignificant digits while updating the ledger card data 
in both its printed human-readable and m.agneticaliy- 
rocorded machine-readable sections. 
1,5 And another object of the present invention is to de- 
vise a new and improved low-cost transistorized computer 
which docs not require air conditioning and which utilizes 
inexpensive resistor logic and transistor flipflop control 
circuitry which perform multipJe functions and thus main- 
20 ta=n the cos: of the computer at a minimum. 

The features of the present invention which are be- 
lieved to be novel are set forth with particularity in ap- 
pended claims. The organization and manner of opera- 
tion of the invention, together with further objects and 
25 advantages thereof, may best be understood by reference 
to the following description taken in connection with the 
accompanying drawings, in the several figures of which 
like reference characters identify like elements, and in 
which: 
30 ITG. 1_ is a perspective view of the novel computer con- 
sirucied in accordance v/ith the present invention; 

iTG. 2 is a plan view of the keyboard of the account- 
ing machine portion of the computer; 

FIGS. 3 A and 3B, wlien joined together at the dashed 
35 hnes, form a longitudinal cross-sectional view of the ac- 
counting machine portion of the computer; 

FfG. 4 is a plan view, partly in section, of the mecha- 
nism utih'zed in accordance with the present invention for 
stopping the amount racks of tlie accounting machine por- 
40 tion; 

FIG. 5A is a plan view showing the conductor pattern 
disposed on the top surface of the printed-circuit board 
utilized for determining the stopped positions of the 
amount racks; 
45 FfG. 5B is a plan view showing the conductor pattern 
disposed on the bottom surface of the printed-circuit 
board uuhzed for determining the stopped positions of 
the amount racks; 

FIG. 5B is a plan view showing the conductor pattern 
50 disposed on the bottom surface of the printed-circuit 
board sh.own in FIG. 5A. 

FIG. 6 is an exploded view of one of the various sole- 
noid actuated mechanisms utilized for selectively stop- 
ping an amount rack; 
55 FIG. 7 is a fragmentary view of the photoelectric means 
uijiized for indicating the instantaneous point-by-point 
asgstal positions of the various amount racks; 

FIG. 8 is a plan view of the timing rack comb utilized 
by the pnotoelectric m.eans of FIG. 7; 
60 FiG. 9 is a plan view of the solenoid-actuated switch 
liasket means utilized for determining the stopped posi- 
tions of the various amount racks; 

FIG. 10 is a partial end view of the mechanism shown 
in FIG. P; 

G5 FIG. 1 1 is a partial front view of the mechanism shown 
in FIG. 9; 

FIG. 12 is la fragmentary cross-sectional view of the 
basket portion of FIG. 9; 

FIG. 13 is a plan view of the solenoid-actuated rear 
ro form-bar readout mechanism utilized by the card and 
paper tape punching mechanisms for sensing the position 
of the accounting machine carriage; 



,112,304 



FIG. 14 is a front view of the ledger card handling 
mechanism shown in FIG. 1 with the cover and table 
portions thereof removed; 

FIG. 15 is a partial front view of the solenoid-actuated 
mechanism shown in FJG. 16 which is utilized for selec- 
tively preventing the lower compression roils from being 
disengaged from the accounting machine platen; 

FIG. 16 is a partly cross-sectional view taken along 
lines 16—16 of FIG. 14; 

FIG. 17 is a partly cross-sectional view showing the 
relationship between the ledger card handling equipment 
and the accounting machine carriage; 

FIG. 18 is a partial view of FIG. 17 showing the rela- 
tionship between the compression rollers, the card- 
handling platen and the accounting machine platen when 
the carriage of the accounting machine is open; 

F!G. 19 is a partial view of FIG. 17 showing the com- 
pression rollers latched against the card-handling platen, 
and, additionally showing the relative position of the 
magnetic recording and reproducing heads; 

FIG. 20 is a partial view of FIG. 17 showing the con- 
struction of the slotted side-plate portion of the account- 
ing machine carriage; 

FIG. 21 is a fragmentary cross-sectional view of a 
portion of the card-handling platen driving mechanism 
shown in FIG. 14; 

FIG. 22 is a plan view, partly in section, of a portion 
of the card^handling mechanism shown in FIG. 1; 

FJG. 23 is a fragmentary cross-sectional view of the 
ledger card guide assembly shown in FIG. 22; 

FIG. 24 is a partial plan view of the rear rack driving 
means shown in FIG. 17 which is utilized for effecting 
linear translation of the accounting machine carriage; 

FJG. 25 is a fragmentary view, partly in section, of 
FIG. 24 showing the switching means utilized for detect- 
ing home position of the accounting machine carriage; 

FIG. 26 is a fragmentary view, partly in section, of the 
means utilized for preventing a typewriter key on the 
accounting machine keyboard from being depressed while 
the accounting machine is carrying-out a cycle of opera- 
tion; 

FJG. 27 is a fragmentary view of the means utilized for 
manually locking the typewriter carriage-return keys; 

FIG. 28A illustrates the rotatable position of the com- 
mutator switching means, initially shown in FIG. 14, 
when the compression rollers are latched with respect to 
the ledger card drive platen; 

FIG. 28B illustrates the rotatable position of the com- 
mutator svi'itching means when the compression rollers 
are unlatched from the ledger card drive platen; 

FIG. 29 is a fragmentary cross-sectional view longitu- 
dinally taken through the ledger card handling mecha- 
nism; 

FIG. 30 is a fragmentary cross-sectional view of the 
solenoid-actuated means shown in FIG. 29 which is uti- 
lized for selectively locking the accounting machine car- 
riage in home position; 

FIG. 3 1 is a fragmentary view of the card-drive platen- 
braking means shown in FIG. 15; 

FIG. 32 is a fragmentary view of the solenoid means 
utilized for automatically unlatching selected low-order 
ones of the order-hooks of the accounting machine from 
their respective type-sectors; 

FIG. 33 is a side view, partly in section, of one of the 
magnetic recording and reproducing heads utilized by the 
computer in accordance with the present invention; 

FIG. 34 is a partial side view, partly in section, of the 
solenoid-actuated type-sector latching and unlatching 
mechanism; 

FIG. 35 is a partial plan view of the solenoid-actuated 
type-sector latching and unlatching mechanism shown in 
FIG. 34; 

FIG. 36 is a fragmentary cross-sectional view of the 
composite magnetic recording and reproducing head as- 
sembly utilized by the computer; 
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FIG. 37 is a fragmentary view, partly in section, of a 
portion of the linkage of the overdraft control mechanism 
of the accounting machine; 

FIG. 38 is a side elevational view of a portion of the 
y cycle-initiating motor-bar mechanism of the accounting 
machine and the solenoid-actuated means utilized for 
automatically effecting selective operation thereof; 

FIG. 39 is a fragmentary view of the solenoid-actuated 

means which is utilized to selectively prevent an early 

10 release of a depressed amount key during an addition or 

subtraction cycle of operation of the accounting machine; 

FJG. 40 is a fragmentary view of the portion of the 
accounting machine mechanism which is utilized in initi- 
ating a total-taking cycle of operation thereof; 
l;j FIG. 41 is a fragmentary view of the reverse tabulation 
mechanism of the accounting machine; 

FIG. 42 is a fragmentary view of the switching means 
shown in FIG. 41 which is utilized in detecting whether 
or not the accounting machine is in the process of carry- 
20 ing out a cycle of operation thereof; 

F"JG. 43 is a fragmentary view of the accounting ma- 
chine forward-tabulating lever and the switching means 
associated therewith utilized in detecting whether or not 
the accounting machine carriage is tabulating over a car- 
2.J riage stop; 

FIG. 44A is a fragmentary view of the totalizer reverse 
key and the mechanism associated therewith; 

FIGS. 44B through 44G are fragmentary views of vari- 
ous cam actuated switching means which are utilized to 
30 effect selective energization of the paper tape punching 
mechanism shown in FIG. 44H; 

FIG. 44H is a partial side elevational view of the paper 
tape punching mechanism utilized by the computer; 

FIGS. 45A and 45B, when joined together at the dashed 
'•j^> lines, form a simplified block diagram of the computer 
circuitry; 

FIG. 45C is a simplified block diagram of the adder- 
subtracter portion of the computer circuitry; 

FIG. 45D is a simplified block diagram of the paper 
^'^ tape pimch control circuitry; 

FIGS. 46 through 51 disclose the schematic circuit 
diagrams of all of the various building blocks utilized 
in constructing the circuitry portion of Iho computer; 

FIGS. 52A and 52B, v/hen joined at ihe dashed lines, 
^•^ form a schematic circuit diagram of the coincident-cur- 
rent magnetic core memory; 

FIG. 53 is a portion of the logical diagram of the 
adder-subtracter circuitry; 

FIG. 54 is the remaining portion of the logical dia- 
^^ gram of the adder-subtracter circuitry; 

FJG. 55 is a logical diagram of section 1 of the in- 
struction register; 

FJG. 56 is a logical diagram of the decoder portion 
of section 1 of the instruction register; 
''•^ FIG. 57 is a logical diagram of section 2 of the in- 
struction register; 

FIG. 58 is a logical diagram of sections 3 and 4 of 
the insiruciion register; 

FIG. 59 is a logical diagram of section S of the in- 
Of* struction register and the compare circuitry relating to 
seciions 3 and 4 of tlie instruction register; 

FIG. 60 is a portion of the logical diagram of the 
read-write, digit-cycle, word-cycle and subcommand ini- 
tiating circuitry; 
tiJ }"tG. Gl is an additional portion of the logical diagram 
of the read-write, digit-cycle, word-cycle and subcom- 
mand initiating circuitry; 

FJG. 62 is a logical diagram of the bit-counter; 

FIG. 63 is a logical diagram of the digit-counter; 
70 FIG. 64 is a logical diagram of the high-order section 
of the v/ord-selecting register; 

FIG. 65 is a logical diagram of (he low-order section 
of the word-selecting register and a logical tliagram of 
the Y-drivers; 
'•^ FIG. 66 is a logical diagratii of the X and Y grounders; 
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FIG. 67A is a logical diagram of the memory sense 
amplifiers; 

FIG. 67B is a logical diagram of the rack-readout 
circuitry; 

FIG. 68 is a logical diagram of the R-counter; 5 

FIG. 69 is a logical diagram of a portion of the digit- 
cycle initiating circuitry; 

FIG. 70 is a logical diagram of the "K" digit-register 
and associated circuitry; 

FIG. 71 is a logical diagram of the "J" digit-register 10 
and associated circuitry; 

FIG. 72 is a logical diagram of the F-counter and 
compare circuitry; 

FIG. 73 is a logical diagram of the instruction register 
transfer circuitry; 15 

FIGS. 74 thru 79 are logical diagrams of the various 
word-cycle, time-delay and subcommand initiating flip- 
flops; 

FIG. 80 is a logical diagram of the rack-stopping sole- 
noids and flip-flops; 20 

FIG. 81 is a logical diagram of various solenoid con- 
trol and light indicating circuitry; 

FIG. 82 is a portion of the logical diagram of the 
ledger card handling circuitry; 

FIG. 83 is an additional portion of the logical dia- 25 
gram of the ledger card handling circuitry; 

FIG. 84 is a logical diagram of the various timing 
clock and push-button control circuitry; 

FIG. 85 is a logical diagram of the magnetic recording 
reproducing and control circuitry; 30 

FIG. 86 is a schematic diagram of a portion of the tape 
punch control circuitry; 

FIG. 87A is a timing chart illustrating the instan- 
taneous logical states of the various control lines utilized 
during a memory read-write cycle of operation; 35 

FIG. 87B is a timing chart illustrating the instanta- 
neous logical states of the various synchronizing clock 
lines; 

FIG. 87C is a timing chart illustrating the instanta- 
neous conditions and states of energization of the various 40 
switching and solenoid means utilized by the tape punch 
mechanism; 

FIG. 87D is a timing chart illustrating the instanta- 
neous logical states of the various control lines utilized 
during a magnetic recording and reproduction cycle of 45 
operation; 

FIGS. 88A and 88B are diagrammatic illustrations of 
a portion of the magnetic ledger card utilized by the 
computer; 

FIG. 88C is a diagrammatic illustration of a portion 50 
of the punched paper tape utilized by the computer; 

FIGS. 88D and 88E together form a diagrammatic 
illustration of a portion of the journal sheet and pay- 
check-statement combination properly placed in the ac- 
counting machine carriage, ready for a posting operation 55 
thereon; 

FIG. 88F is an illustration of a pay check; 
FIG. 88G is an illustration of a statement form; 
FIGS. 89A and 89B logically illustrate the various 
portions of the circuitry utilized by the computer in 60 
carrying out an enter-keyboard-words (EKW) instruc- 
tion; 

FIGS. 90A, 90B and 90C logically illustrate the var- 
ious portions of the circuitry utihzed by the computer in 
carrying out a print-out-words (POW) instruction; 65 

FIGS. 91A, 91B and 91C logically illustrate the var- 
ious portions of the circuitry utilized by the computer 
in carrying out an enter-card- words (ECW) instruction; 
FIGS. 92A, 92B and 92C logically illustrate the var- 
ious portions of the circuitry utilized by the computer in 70 
carrying out a record-on-card (ROC) instruction; 

FIGS. 93A and 93B logically illustrate the various 
portions of the circuitry utilized by the computer in 
carrying out a shift (SHF) instruction; 

FIG. 94 logically illustrates the various portions of 75 



the circuitry utilized by the computer in carrying out a 
clcar-mcmo'ry-addresses (CMA) instruction; 

FIG. 95 logically illustrates the various portions of the 
circuitry utilized by the computer in carrying out a 
molor-bar (MB) instruction; 

FIG. 96 logically iiUistratcs the various portions of the 
circuitry utilized by the computer in carrying out a slop 
(STP) instruction; 

FIG. 97 logically illustrates the various portions of the 
circuitry utilized by the computer in carrying out an 
add (ADD) instruction; 

FIG. 98 logically illustrates the various portions of the 
circuitry utilized by the computer in carrying out a sub- 
tract (SUB) instruction; 

FIG. 99 logically illustrates the various portions of the 
circuitry utilized by the computer in carrying out a sum 
(SUM) instruction; 

FIG. 100 logically illustrates the various portions of the 
circuitry utilized by the computer in carrying out an add- 
pairs-of-numhers (APN) instruction; 

FIG. 101 logically illustrates the various portions of the 
circuitry utilized by the computer in carrying out a mul- 
tiply-dollar-decimal (MDD) instruction; 

FIGS. 102A, 102B and 102C logically illustrate the 
various portions of the circuitry utilized by the computer 
in carrying out a multiply-and-shift (MUS) instruction; 

FIGS. 103A and 103B logically illustrate the various 
portions of the circuitry utilized by the computer in carry- 
ing out a divide (DIV) instruction; 

FIG. 104 logically illustrates the various portions of 
the circuitry utilized by the computer in carrying out a 
take-ahernate-instruction (CFM) instruction; 

FIG. 105 logically illustrates the various portions of the 
circuitry utilized by the computer in carrying out a take- 
alt crnate-instruciion (CFE) instruction; 

FIGS. 106A and 106B logically illustrate the various 
portions of the circuitry utilized by the computeer in car- 
rying out an enter-punched-tape (EPT) instruction; 

FIG. 107 A is a flow diagram of the sequence of opera- 
tions executed in carrying out an EKW instruction; 

FIG. 107B is a flow diagram of the sequence of opera- 
tions executed in carrying out a POW instruction; 

FIG. 107C is a flow diagram of the sequence of opera- 
tions executed in carrying out an ECW instruction; 

FIG. 107D is a flow diagram of the sequence of opera- 
tions executed in carrying out an ROC instruction; 

FIG. 107E is a flow diagram of the sequence of opera- 
tions executed in carrying out an SHF instruction; 

FIG. 107F is a flov/ diagram of the sequence of opera- 
tions executed in carrying out a CMA instruction; 

FIG. 107G is a flow diagram of the sequence of opera- 
tions executed in carrying out an MB instruction; 

FIG. 107H is a flow diagram of the sequence of opera- 
tions executed in carrying out an STP instruction; 

FIG. 1071 is a flow diagram of the sequence of opera- 
tions executed in carrying out an ADD instruction; 

FIG. 107 J is a flow diagram of the sequence of opera- 
tions executed in carrying out an SUB instruction; 

FIG. 107K is a flow diagram of the sequence of opera- 
tions executed in carrying out an SUM instruction; 

FIG. 107L is a flow diagram of the sequence of opera- 
tions executed in carrying out an APN instruction; 

F!G. 107M is a flow diagram of the sequence of opera- 
tions executed in carrying out an MDD instruction; 

FIG. 107N is a flow diagram of the sequence of opera- 
tions executed in carrying out an MUS instruction; 

FIG. 107P is a flow diagram of the sequence of opera- 
tions executed in carrying out a DIV instruction; 

FIG. 107Q is a flow diagram of the sequence of opera- 
tions executed in carrying out a CFM instruction; 

FIG. 107R is a flow diagram of the sequence of opera- 
tions executed in carrying out a CFE instruction; and 

FIG. 107S is a flow diagram of the sequence of opera- 
tions executed in carrying out an EPT instruction. 

Inasmuch as the following description of a physical 
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embodiment of the present invention is of considerable I. General Description of Computer 

length and complexity, and is essentially divided into a ^^-^^ reference to FIG. 1 of the drawint>s. the com- 

multiphcity of separate sections, he vanous section head- constructed in accordance with the present iwcn- 

mgs are herein serially numbered and lis ed below m or- ^^^^ -^ completely transistorized and is adaoted to be con- 

der to facilitate immediate reference to the various por- g ^^^,^^ -^ ^^ ^^^^^^^ ^^^^5 ^,j,^^ ^^^^ ind\,^cd Eeneraliy 

tions of the specification. ^^.^ j2. Mounted in the center of the desk is one of the 

Column input-output devices for the computer. This particular 

2; AJ^;5^m|^i;&'^SZnfc^iu^utcr-(G™em,) ::::::::;:: I input-output device is in the form of an accounting ma- 

3. Electric Typowritor Portion of ^icfoutitiiis jsiaciiine K clir.ie, indicated generally as 13, which IS of the same gen- 

4. Amount Keyboard of Accnuiitiiis: Maclliric 9 10 pr.,\ fvnp t- fh-it <:iTOwn nnH dpsrrihprl in rTni'pfi 'vfatp? 

5. Construction and Mode of Ojicration of AcL'0(.r!;i;v-; Maeluna ^"^^ 'J'P'^ ^" '"'" snown ana oescrioea in uniLCQ Mates 

of Comoutcr M l.cliers Patent 2,626,749, issued January 27, 5953, to R. A. 

7. uSLI^lj:^^S'^^^?i:Zk-oiCo^n^n.^^^^ S Christian et al. The electronic computing equipment is 

8. -Kicctromcciianical Control Moans 37 contained in both the left-hand and the right-hand scc- 

lil: Sv'ru^BuumL^E^^^ f? r ^'^'^^^ °^ "^'^ '^^'^'^ ^"■''^'''^ '''■° ^'■^'° ^""^^ drawers of the 

u. Eraitter-FoUowef iJuiidiiiR jslocks 4') ^'^ riqht-hand section thereof have been retained. One of 

12. Logical OE liuildlnq iiloclis JO .i „ fh-Tipr'^ i<; p^inp'-i'aliv nd'intprl fnr cffinnp nf nrldi 

13. Lo-icai A.-vit) iJuildin^ Blocks .^0 '''" o^aACi^ IS espe..au> doap^ea ror storage oi aaoi- 

14. Flip-flop and Multivibrator iSuildins lilooks .n:i tional "lorm-bars" for the accounting machine while the 

il Scuc co?e Memi^!"??±:::::::::::;:::::::::::::::::::: nl remaining drawer is adapted for storage of magnetic 

17. x-i)rivers 70 "lodger cards" which, together with the form bars, are 

w'. X and'y GrouiKiers.""'' V.''"7,7"7--7.7.".""17/.l'7.""117_l 71 ^^ Utilized to program the computer in a manner as will here- 

2(1. DiRitOounter 72 inafter be more fully described. The bridge, located in 

M: Word-M^rinpircRi;t\>iV:r//.";;y.;^ n ^^-'-^ °^ *s accounting machine and connecting the right- 

23. Summary or Word Selection 71 hand and left-hand sections thereof, provides the ncces- 

S: DSSicd'iSd-^^itefcyde::::::::::::::::;:::::::::::::::::;:: ?n „. sary support tor the electrical power supplies for the com- 

20. Sense-Amplifier strobe N!) ^° puter, and which are energized from a norma! llO-voIt 

i: lo™at?Jl"N™K^S?Bo2S:^w&RDsl„st-uciion A^^^ '' Power source. Mounted on the right-hand side of the 

(EKVv-oti) Fi accounting machine and disposed in front of the carriage 

3o; V^^t^S^K^^iSi}^l^S':S^^^:raiS^- '' portion thereof, is a card handling mechanism, indicated 

02) -- 87 generally as 14, which is utilized in reading and recording 

l^:ISSSffS{^\^;f?^h'^^S^l^^:So''';^i'^":?'^: ^ ™ magnetic information on the ledger cards. And, disposed 

33. Format of CLEAK-MEMOKY-A D[)iiE.ss>:t:i Instruction _ on the front of the right-hand section of the desk, is a 

34. Fo^'SipMoVok-iUvRtai-u'cTionWordlM^^^^ oii control panel 15 which supports a portion of the various 

36. Format of STOP Instruction Word (S'rf-07) !Ki manually operable electrical controls and indicating lights 

an. Format of ADD Instruction Word (A1)]>-(IS) Ki <v,. tl-,„ /.,r,^,...„,- 
37. Format of SUliTllACT Inslruction V.'(>rd (SUH-OiO v4 .,_ ■>■" tue computer. 

38. I'ornint of SUM Instruction Word (.^.L"M-l!)) US "''_., .,,,■„• ,^ ,^ ,-, 

3D. Format of ADD-1'AIKS-ot-N UMliltits insuiicUon Word 2. Accounting Mackme rorHon of Computer (General) 

(Al'N-lI) --- OS , , . , . . , , 

40. Format of MLTLTlPLY-uoiJ/AP,-DJ<tclMAi/ Instruction As the accounting machine portion of tne computer is 

41. Format '^f""lw.TiPLY-A\ND:3mFT" lnst:rTu"Hon"'Word ''" <^^ the well-known type Substantially as that shown and 

(MUS-13) iifl dexribed in the aforesaid Patent 2,626,749, a detailed de- 

42. Format of DIVII^lMtistruction A^'ord (iUV-14) 'Jf 40 ^.^,.;„t:,.,„ ^.c oo<.t, ^f *Ua ty..,,!*,"^,.,'^ ^f i,.,T.-r^..i.Ti, ;T^*^t-r-^.^ 

43. Format of TAKE-Ai/rERNATts-lNSTKUCTlON-iF x^Y scrrption oi each ot the multuuoe of variously mtercon- 

instruction Word (CFM-15)... 88 nected mechanisms contained therein is not deemed nee- 

''■ '^ toXet\o™rdYdFl-\«-':'":;',^^^ 98 «sary in order to obtain a full and complete understand- 

45. Format of ENTER-puNCiiKD-TAi'ii Tnstrnctiou Word ^ ing and appreciation of the present invention. Hov,'ever, 

46. Fo™aTcIkD¥siKnaOonVofTnstrnctim^w-ordi::::::::::.:::: m m order to insure such a full and complete understanding, 

47. Instruction FxccutJon Time wi 45 there will hereinafter be given a brief description of the 

4a s:^n^;^^^'m^r":::::::::V^"::::::::"::V:" m various keyboard controls, as wdl as the sahent features 

60. Section 2 of Instruction Register 107 and functions of the major component parts thereof, along 

Ik S™ 4 of inslJuoti™ Regstcr::::::::::::::::;::::::::::::::: m with the minor modifications and additions thereto which 

53. Section 5 of Instruction RcRister iw have been found necessary in order to adapt the account- 

M. SumZTo/Sructfon'Regist-er:^ 'i| 50 ing machine as an input-output device for the com.puter. 

6?! F-Countcr"_"_.y//..ir////."'/////.r/////.r//./_.7.-."'__l-.. na 3. Electric Typewriter Portion of Accounting Machine 

68. Compare F-Countcr and Di,nit-Countcr 114 „ . , . , 

69. "J" Digit-Register- 114 With reference to FiG. 2 of tne drav^fings, the account- 

OL"K"Digil"SSw^°'^ ''■''' ™''"'"'"*!-" ib^ ^"S machine contains an electric typewriter In addition 

(12. Adder-Subtracter.."."",-"-' ." ibi 55 to mechanisms for adding and subtracting amonnls, and, 

H!; sSuSslSi^S a^Si^Si?::"::::;:::::"::;;:;:"":::":::" 3?. ^'y ^'^^^^ °f 'ts fonn bar, independently functions i„ 

65. Functional Listing and Descfiption of Suliinstructions i'i!> many ways as a general purcose computer. Ai! the 

6?: JmS?^^^'!^!-™!-'!"!::::::::::::::":::::""::"::::::: ^ mechanisms contained therein 'are aimed at producing 

6s. Subcommand SuMnstructlons v'.i three results, namely: the ability to select, accumulate 

n. Siled DesSiSttoii'of Ekw liSrucii™ U9 60 and print totals; the ability to print amounts and dates 

71. Detailed Description of POW Instruction ir>6 which are indexed in the key-board; and the ability to 

73: g^lSlledgSllSnlEgw'ii^Snlto.:::;:::;:::" i'^ type descriptive information on the various forms and 

74. Detailed Description of snF Instruction i«7 ledger cards used by the machine. The electric tvpe- 

75. Detailed Description of CMiV Instruction 191 , .^ . . , , ,. . • •> i_ ■ 1 

76. Detailed Description of MB Instruction 102 ^^"^cr IS an independent power-driven unit having a key- 

77. Detailed Description of STP lnstn:etion 19.^, gs beard located directly in front of the "amount" kev- 

78. Detailed Description of ADD Instruction 190 , , i<f-,.KT" j "r^r-oi •» 1, 1 .1 ^u 1 ci 

79. Detailed Description of SUB Instruction 197 board. ON and Ott switches located On the left 

80. Detailed Description of SiJM Instruction 197 s^jg of the keyboard, control the supply of operatin,'' 

81. Detailed Description otAPN Instruction l!;o . ,1 r • 1 j t-uI^ • t- 1 ,^ 

82. Detailed Description of MtJS Instruction toi power to the machine, and, a red light indicator It, 

83. Detailed Description of MOD iiLstruction 317 located on the front of the machine near the right side, 

84. Detailed Description of DIV Instruction 210 ■ ,■ . , ., , ^t- . * - ■ 1IU-. t „ 

85. Detailed Description of FM Instruction ?J5 70 indicates wheJier or not the eiectric power is ON. 

86. Detailed Description of CFEln.straction 218 Three selective carriage-return keys "RETURN-1," 

87. Detailed Description of KPT Instruction 219 !.„_,,, i.nr— tttixi -i>, r * , .. 

88. Detailed Description of Paper Tape Piuichiiit; Opcriitio!! 22(> REruRN-2 and RETUkN-3 ' are located on the 

89. OperatorControls---- — --- 22!) rig^j jjjg ^f the typewriter keyboard to effect return of 

;iO. Detailed Description Ota I'avroU Program Application 2(1 .^ . , ■' ' , ^ . ■' , 

91. Component Ciiart --- - -.-219 the carnage to a predetermined stop position, w;tn cr 

'J2. Signal Origination and Desiination ciiart-— 251 ^g wil.hout vertical spacing of the platen. The position at 
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whicli the carriage returns, depends upon the length of 
inserts provided in each of t!ie carriage "stops," illus- 
trated as reference numeral 73 in FIG. 3A. Depression 
of each of the typewriter carriage RETURN keys, raises 
a "return stop lever" to a given heiglii so that it contacts 
the desired "carriage return insert" in the carriage stop, 
to halt the travel of the carriage. Vertical spaein;; o! 
the platen, under control of the carriage RETURN keys, 
is effected by paper feed slides 18, 19, and 20, each lo- 
cated at the side of a different one of the RETl;RN ^eys. 
VVlien one of slides 18 thru 20 is moved tov/ard the 
front of the machine, it coriples the corresnonding RE- 
TURN key with vertical snace key "VERT" in a man- 
ner such that depression of key "VERT" causes the platen 
to be spaced vertically in addition to beinj; returned to a 
predetermined position. However, the pacer feed key 
"VERT" may be used to vertically space the platen one 
or more positions for each depression thereof. Tocated 
directly below the carriage return keys is a typewriter 
tabulation key "TAB" which, when depressed, causes the 
carriage to tabulate to a particular ccluran as selected 
by a correspondin;; typcv/riter stop. Tt is to be appre- 
ciated that uli cavri^'.^e ntotion to hereinafter be described 
is dependent upon the fact that the carriage is closed. 

At the left of the amount keyboard is a typevsriter 
ribbon control lever 21. 'With lever 21 in the center or 
normal position, tite typewriter prints in black; when in 
the lower position, the typewriter prints in red until the 
lever is manually restored to normal; and, when in the 
upper position, the typev/riter prints in red until comple- 
tion of the next operntion of the accounting machine, at 
which time the lever is automatically restored to its central 
position. Another ribbon control lever, not shown, is 
located on the top of tiic machine imder the platen. 
When this icver is in its forward position, normal black 
planting of amounts is effected except during a subtract 
operation in the #1 totalizer and dtiring a credit balance 
operation v/hich are automatically printed-out in red. 
Vv'heri in its rearward position, typewriter ribbon control 
icvc-r 2.1 is rendered effective to control llje amount print- 
ing operation, the seme as on typewriter printing. 

4. Amount Keyboard of Accounting Machine 

The amount kiryboard consists of ten rows of keys for 
entering amot'uts into the accounting machine totalizers 
and/or into the computer memory. Each amount row 
consists of nine keys numbered from "1" thru "9," zeros 
and iiunctisation being printed automatically. Any de- 
ri.rcssed amourU. key is restored to its original position 
ivhen anoiher amount key in the same row is depressed, 
and. all depressed amount ke}'s are simultaneously re- 
stored upon depression of the release key "REL" which 
is located immediately to the right of the "BALANCE-!" 
key in the lower left corner of th.e keyboard. This re- 
lease key is utilized to restore those keys depressed in 
C]-ror, and espcciaiiy those keys located in the control 
section on the left side of the keyboard, wtiich are not 
reicased liy another key in the same row. Any depicssed 
amount key, or keys, is automatically restored upon com- 
pletion of each, machine operation, except when "repeat 
entry" is called for, either by a stop control or by depres- 
sion of repeat key "REP" which is located immediately 
to trie right of the number "5" key in the control key- 
board section. Those keys located on the left side of 
the keyboard, such as date keys ! thru 9 and 1 thru 3 
respectively located in the eleventh and twelfth rows, are 
"sta.ydown" keys which are not released during each ma- 
chine oj;eration but arc released only by depression of 
another key in that particular row, or by depression of a 
special release key "REL," located above the number "3" 
in the twelfth row. A non-repeat date key "NON REP" 
is located directiy above the special release key "REL" 
and, when depressed, eiiccts non-printing of the year 
date when depressed and is restored only by depression 
of the date release key. 
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Depression of tabulating key "TAB," located in the 
lower right-iiand corner of the amouiit keyboard, causes 
the cnrriags to be tabulated to the left until the movement 
thereof is arrested by a scttable stop on the carriage. 
The "TAR" key provides a convenient means for tabulat- 
ing the carriage to a desired columnar position witiiou.t 
the necessity of u.sing a "motor-bar" oper:i.tion, but is 
normally not used as a part of a posting seqtience. A 
carriage-opening key "CAR.'i. OPIiN" is located at the 
extreme upper right-hand corner of the keyboard and, 
upon depression thereof, scic -lively initiates opening and 
closing operations of the carriage when the carriage is 
located in "home" position. A single depression of the 
carriage-opening key causes the carriage to open if it is 
closed, or to close if it is open. The key docs not remain 
dov,'ii v'hcn uc:^res".ed, but instead is restored to its origi- 
nal position after each depression. 

A carriage-return key "CAR. RET" is located im- 
mediately below the carriage opening key and, when de- 
pressed, effects ixturn of the carriage to a given stop 
position v/hich is determined by selective placement of a 
siiitab'e carriage-return inseit in the particular stop that 
corsirois the position to he selected if the carriage is 
not open. The carriage-return key is "iocked-out" while 
tlje machine is operating and. con.versely, machine op- 
eration is Iocked-out if the carriage-return key is de- 
pressed and heid down. 

A. carriage-release key "CARR REL," located on the 
right side of the keyboard directly above upper-motor- 
bar 23, functions in three dirferent ways: if fully depressed 
and held down while the carriage driving means is de- 
energizcd, the carriage is unlocked and thus permitted to 
be manually moved in either direction to any desired posi- 
tion; when partially depressed, the carriage escapement 
mechanism is released to permit the carriage to be tran.s- 
lated from right-to-lcft by the carriage driving means; 
and when fully depressed and held down v/liile the car- 
ric'go-drive is energized, the carriage is translated from 
Jeft-to-right. The carriage-release key thus permits man- 
ual or driven movement of the carriage to any dcsirei! 
position v/ithout interruption by forv.'ard or reverse-tabu- 
lating stops. T'fae carriage-release key is self restoring 
and functions only whik-; depressed, and when allowed 
to resume its initial position, effects engagement of the 
escapement mechanism to hold the carriage at that posi- 
tion. 

Non-automatic key "NON-AUTO," located at the right 
of i.'pper-motor-bar 23, is a stay-down key v/tiich, when 
depressed, remains down until released by a non-automatic 
release key "REL." located directly belov^ it. The non- 
tiutomatic key disables the automatic "machine-relea.se" 
mechanism to prevent atitoniatic machine operations called 
for by stop-control. When the non-automatic key is de- 
pressed, the control keys at the loft side of the keyboard 
mast be operated manually in order to initiate selection 
of a particular totalizer. Disabling of the automatic ma- 
chine-release mechanism alters the normal posting pro- 
cedure in order to allow amounts to be recorded in a 
column in which entries are infrequently made during a 
posting operation. The non-automatic release key "REL," 
in addition to releasing the "NON-AUTO" key, when 
depressed and held down, unlocks item-counter reset knobs 
24, 25 and 26 so that the corresponding item counters 1 
through 3 .may be reset to .^cro, if desired. 

Three motor-bars 23, 27 and 23, located on the right 
of the keyboard, one above the other, are utilized pri- 
marily to release the machine for operation. By selec- 
tive use of the three motor-bars, along with motor-bar 
control lever 29, the carriage is controlled for normal tab- 
ulation, skip tabulation, return tabulation and paper feed, 
in addition to the disabling of the carriage opening mech- 
anism, ^'hcre are tvro methods of motor-bar depression, 
each causing different results in carriage functions: the 
futst is a normal "toucii" depression which requires less 
than ten ounces of presstire for a distance of one-eighth 
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of an inch, after which a greater resistance to further 
travel is met; and tlie second is a "liold" depression which 
requires more than two poumis of presss:re for a total 
distance of seven thirty-seconds of an inch during more 
than one-half of the cycle of the machine. As the various 
carriage functions are also controlled automatically frani 
carriage stops, it v,'ould be necessary to study in detail 
all of these functions and controls to obtain a complete 
understanding of just what fakes place under a different 
motor-bar condition as modifisd by control lever 29. As 
such a detailed understanding is not deemed necessary for 
a full and complete understanding of the present inven- 
tion, only a few of the major motor-bar operations will 
be briefly discussed. However, a nioj'c detailed descrip- 
tion thereof may be had by reference to previously-men- 
tioned Patent 2,626,749. 

A touch depression of upper-motor bar 23 disables 
carriage return but docs not disable stop-controlied skip 
tabulation or paper feed. Even th.ough paper feed is not 
provided by the stop over v/)iica a touch operation occurs, 
the upper-imotor bar causes the platen to space according 
to the setting of the platen-spacing control lever. 

A hold depression of upper-motor-bnr 23 disables all 
tabulation and carriage return. The upper-motor-bar is 
designed primarily to permit certain variations in car- 
riage travel from the riclit or !cft, depending u.pon the 
requirements of the applications. For example, the upper- 
motor-bar disables carriage tabulation and thus permits 
vertical posting, and also disables step-controlled carriage 
return and thus provides additional flexibility to meet the 
requirements of the application. 

A touch or hold depression of middle-motor-bar 27 
provides varying results according to the position of motor- 
bar control lever 29 and the stops which control paper 
feed, tabulation, and carriage return. With the motor- 
bar control lever in the "l'.A.B" position as shown, a touch 
depression of tire middie-.motor-bar causes normal tabula- 
tion. However, any stop-controlied tabulation takes pre- 
cedence over a touch depression function. A hold de- 
pression takes precedence over carriage tabulation and 
thus causes the carriage to return to the nearest carriage- 
return insert. If a hold depression takes place while the 
carriage is over a stop containing a skip-control insert, 
the carriage then returns to a carriage-return insert and 
then tabulates to another predetermined stop depending 
upon the established skip-control. With m_otor-har con- 
trol lever 29 in a central position midway between "TAB" 
and "VERT," a touch depression of the middle-motor- 
bar disables paper feed, in addition to normal carriage 
tabulation and return. On a hold depression, normal 
carriage tabulation, stop-controlled non-tabulation, and 
carriage return are all disabled. However, in this in- 
stance, paper feed and stop-controlled carriage skip-tab- 
ulation function as usual. With the motor-bar control 
kver in its lowermost position "VERT," on both a touch 
and hold depression of tlie middie-motor-bar, normal car- 
riage tabulation and return arc disabled. Stcp-eontroiled 
skip-tabulation and paper feed are not disabled on either 
a touch or a hold depression. 

The m.iddle-motor-bar thus provides variable control 
of carriage travel and platen spacing in order to meet the 
requirements of the application. In addition to operating 
the machine, it initiates carriage travel to the next pre- 
determined posting position. For such posting procedures 
as "Accounts Receivable," "Accounts Payable," "General 
Ledger," etc., the touch and hold depression operations of 
the middle-motor-bar provide the ability to make multiple 
postings where the carriage must alternately tabulate and 
return between two posting columns or between the ref- 
erence column and the posting column. 

A touch or hold depression of lower-motor-bar 28 takes 
precedence over and thus disables paper feed, carriage 
return and certain types of stop-control'ed carriage tabu- 
lation, regardless of the position of the motor-bar control 
iever. This disabling ability permits the lower-motor-bar 
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to effect a "skip-tabulate" machine operation simply by a 
touch or hold operation thereof. It also provides the 
means for skipping columns in which no postings arc to 
be made and to skip operations v/hich are not required 
on every posting run; it permits carriage tabulation when 
a stop has established non-tabulation control; and it takes 
precedence over many functions of the stop, thus provid- 
ing variable control over paper feed and carriage tabula- 
tion and return. 

As previously stated, motor-bar control lever 29 E,ftects 
the function of the middle-motor-bar only. When the 
lever is in its upper position as shown, the middle-motor- 
bar functions in a normal manner, whereas, when in its 
middle and lower positions, normal operation of only 
the middle-motor-bar is modified. 

The control portion of the accounting machine keyboard 
is located to the left of the amount section and includes 
the usual totalizer selecting and control keys. For exam- 
ple, "ADD 1" and "SUBT 1" keys respectively select 
totalizer #1 and conditions the totalizer to receive an 
additive or subtractive entry. The "BALANCE I" and 
"SUB-BAL 1" keys respectively select totalizer #1 and 
cause it to be operated in a "total" or "sub-total" oper- 
ation. Located in the s.ame row as keys "BALAMCE 1" 
and "SUB-BAL 1" are four keys numbered 2 thru 5 
which select and condition the correspondingly-numbered 
totalizer to receive additive entries. However, when any 
one of the totalizer-selecting keys is depressed sunulta- 
neously with "SUBT 2-5" key, the related totalizer is 
selected and conditioned to receive subtractive entries. 
Similarly, when any one of the totalizer-selecting keys 
is simultaneously depressed with "TOTAL 2-5" key, the 
related totalizer is selected and conditioned to be operated 
in a total taking operation. However, when the "SUi3- 
'i'GT" key is operated in addition to the totalizer-selecting 
and the "TOTAL 2-5" keys, the selected totalizer is con- 
ditioned to operate in a sub-total oi>eration. 

Similarly, located in the same row as keys "ADD 1" and 
"SUBT 1" are four keys designated 6 thru 9, v^hich, when 
operated, select and condition a correspondingly-num- 
bered totalizer to receive additive entries. When any one 
of these four keys is sim.uitaneously used v/ith "SUBT 
6-9" key, the selected totahzer is conditioned to receive 
subtractive entries. However, when one of these totalizer- 
selecting keys is simultaneously used with the "TOTAL 
6-9" and the "SUi3-TOT" key.s, the selected totalizer is 
conditioned to operate in either a total or a sub-total oper- 
ation in the same manner as described above for total and 
sub-total operations of totalizers #2 thru #5. 

Only one of the totalizer-selecting keys in a particular 
row can be depressed at one time even though two total- 
izers may be selected simultaneously by depressing a de- 
sired totalizer-selecting key in each of the tvv'o control 
rows. However, if a selecting key is depressed in each 
of the two rows, only the numerical symbol having the 
highest number designation is printed for each row, each 
of the selecting keys being restored to its undepressed 
position at the end of each machine operation. Each of 
the totalizer-selecting keys may also be manually restored 
by depressing release key "REL" located to the right of 
the first row. Thereafter, the selecting keys will not cause 
a repeat of the machine operation even though repeat key 
'^REP" (located to the right of the totalizer #5 select- 
ing key) is depressed or even though repeat printing of 
amounts is called for by a stop-control. 

If the stop over which the machine is operating has 
subtract, sub-total, or total-taking control over the same 
totalizer as does the corresponding selecting key, the stop- 
control takes precedence. However, in such instances, if 
non-select key "NON SELECT" (located in the upper left 
corner of the control keyboard) is depressed, the totalizer- 
selecting key takes precedence over the stop control. 

It should also be noted that it is pcssible to utilize 
the keyboard control keys in various combinations to en- 
iible amounts to bo transferred from one totalizer to 
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another. For example, a total may be taken from any 
selected totalizer of the group containing totalizers #2 
thru #5 or the group containing the totalizers #6 thru 
#9 and be transferred either additiveiy or subtractively 
into any one of the totalizers of the opposite group. It 
is also possible, through the use of the totalizer #1 con- 
trol keys, to enter such totals either ndditivoly or subtrac- 
tively into totalizer #1. Similarly, a total taken from 
totalizer #1 may be entered either addiiively or subtrac- 
tively into any one of totalizers #2 thru #9 by depression 
of the proper control keys. 

Thus, it is seen that the totalizer-selecting keys are used 
whenever it is desired to manually select a total or totals 
for addition, subtraction, sub-totaling, or totaling when 
they are not selected and controlled by a suitable carriage- 
stop insert. Totalizer-selecting keys may also be used at 
random to produce totals for analysis or distribution pur- 
poses. For example, sales analysis figures and/or account- 
ing data is produced as a by-product of "Billing" and 
"Accounts Receivable" posting operations by using total- 
izer-selecting keys to distribute amounts into totalizers 
other than those used in the regular posting sequence. In 
the same manner, major account control lotais are estab- 
lished as a by-product of an "Accounts Payable" posting 
operation. 

If the total being cleared is negative, credit balance key 
"CR. BAL" must also be depressed in order to cause the 
printing in red of the true credit balance foHov.'ed by a 
"CR" symbol. A non-select key "NON-SELECT" is lo- 
cated in the upper left corner of the keyboard and, upon 
depression thereof, disables all selection and control of 
the totalizers from a carriage stop but has no effect on 
printer or carriage functions. The non-select key also 
permits the machine to be operated wlien the carriage is 
not positioned over a stop. Thus, when the non-select 
key is depressed, the machine is permitted to be operated 
while either over or off a stop while maintaining complete 
manual control over all totalizers. 

A reverse key "REV." is located immediately below the 
non-select kty and, upon depression thereof, causes a 
.reversai cf all addition and subtraction control from a 
carriage stop. The reverse key, however, has no effect 
on total or sub-total operations from a stop-control, or 
any normal function of the control keys. For example, if 
the reverse key is depressed when a "total #l,aud #2, and 
then subtract #6" operation is called for by a carriage 
stop, the operation functions normally by first clearing 
totalizer #1. Thereafter, the amount cleared from total- 
izer -#1 is subtracted from totalizer #2 and simultane- 
ously added to the contenis of totalizer #6. If any of 
the totalizer-selecting keys are depressed during the same 
operation, the functions normally produced thereby re- 
spectively proceed to cause an addition operation in their 
corresponding totalizers, or a subtraction operation if 
the subtract control keys are depressed. Simultaneous 
depression of the reverse key and the credit balance key 
permits the "X" totalizer to be cleared while the machine 
is operating over a carriage stop, with subtract control 
of the "X" totalizer being maintained while being changed 
to add control. 

The reverse key effects printing of a lateral diamond 
symbol to the left of the amount, which symbol takes 
precedence over ail other symbols with the exception of 
the "CR" symbol. The reverse key may also be used in 
a variety of instances such as: correcting errors made 
while positing; posting "returns" while invoicing; posting 
"debits" and "credits" in the same column; securing an 
old-balance-pick-up of credit balances if the carriage is 
operated while positioned over an "add #1" stop; and 
securing a second old-baiance-pick-up of credit balances 
if the carriage is being operated while positioned over a 
"subtract #1" stop. 

A non-symbol key, "NON SYM," is located in the ex- 
treme left-hand row directly opposite totalizer-selecting 
key #9 and functions to disable certain symbol printing. 
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The non-symbol key disables all symbol printing con- 
trolled by a carriage stop, except the "CR" symbol on 
credit balance and sub-credit balance operations. How- 
ever, the non-symbol key has no effect on the printing of 
symbols which are initiated by the keyboard control keys 
on manually-controlled operations, llie non-symbol key 
is locked-down for continuous non-print of symbols by 
latch 33 which is rendered effective when moved upward 
as viev.'ed. However, when latch 33 is in its ineffective 
position, as shown, the non-.'syrnbol key is restored at 
the end of each machine operation. The non-symbol 
key may also be manually restored by the release key, 
reverse key or non-select key, and, consequently, may be 
used to non-print symbols when it is necessary to confine 
machine printing to a more narrow column than that re- 
quired for the printing of an amount followed by a corre- 
sponding symbol. 

Nine overdraft indicators, indicated generally as 34 
and numbered 1 through 9, are located directly above 
the control section of the keyboard and correspond to the 
correspondingly-numbered totalizer, with the exception 
of the "X" totalizer. The overdraft indicators are uti- 
lized as visual "flag" signals v.hich indicate a minus bal- 
ance occurring in a corresponding totalizer. For ex- 
ample, when the contents of the totalizers are positive, 
the corresponding indicators display a gray color, how- 
ever, v/hen a minus condition occurs in a related totalizer, 
the coiTespondingly-numbered indicator displays a white 
color. However, if a totalizer is cleared after the con- 
tents thereof v/as previously negative, or, if various posi- 
tive amounts were added back into the totalizer initially 
containing a negative amount, thus causing it to contain 
a net positive amount, the corresponding overdraft indi- 
cator again displays a gray color. Consequently, the 
overdraft indicators provide a means of determining when 
a particular tolalizer contains a negative amount so that 
the credit balance key may be depressed by the operator 
to control the printing of the true credit balance. In some 
applications, such as the automatic machine release being 
disabled by a particular stop to provide optional pro- 
cedures, the overdraft indicators enable the operator to 
determine the existence of a credit balance and in which 
totalizer it exists. 

In accordance with the present invention, the account- 
ing machine just described is slightly modified to facilitate 
its adaptability as an input-output device for the computer. 
Accordingly, manual operation of mo'.or-bars 23, 27 and 
28 are prevented by a cover 35 disposed thereover and 
affixed to the keyboard so that selective operation of 
each of the motor-bars is controlled solely by the com- 
puter. However, a "resume-program" bar rph is lo- 
cated just belov.' the three normal motor-bars and is adapt- 
ed for manual operation by the operator to initiate a 
computing operation, all of which is to be more fully 
described hereinafter. 

Keyboard decimal-point lights 'P<p, PI and P2 .are lo- 
cated at the lower section of the amount keyboard be- 
tween rows 2 and 3, 5 and 6 and 8 and 9, respectively, and 
provide a visual indication as to the decimal-point loca- 
tion on the keyboard for each of the keyboard entries. 
Operation indicating lights "EK," "EC" and "HA," located 
on the left front of the machine just below the control 
section of the keyboard, respectively give visual instruc- 
tions to the operator as to "Enter-Keyboard-Word," 
"Enter-Card-Word" and "Halt" instiisctions, whose func- 
tions, again, will be core fully described hereinafter. 

5. Connniciion and Mode of Operation of Accounting 
Machine Portion of Computer 

With reference to FIGURES 3A and 3B, there is shown 
a greatly simplified cross-sectional view of the account- 
ing machine which is essentially the same as that shown 
in detail in FIGURES 3A and 3B of said aforementioned 
Patent No. 2,626,749 and fully described therein. As a 
repetition herein of such massive detailed description and 
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illus'irafions is not deemed essential for a fu)i and com- 
plete understanding of tiie present invention, but a por- 
tion of its salient mechanical features are illustrated in 
FIG. 3 for the sake of simplicity. However, enough of 
its mechanical structure is illustrated herein and a brief 
description thereof is given in order that the various 
modificatioins of the machine made in accordance v/ith 
the present invention may be fully understood. 

Inasmuch as each denominational row of amount keys 
is identical with the other, a description of the #9 denom- 
inational row, shown in FIG. 3A, is believed to suffice for 
the remaining ones. As shown, each of the nine amount 
keys of a denominational row is slidably supported for 
vertical movement by top-plate 40. Each key supports a 
square stud 41 which is normally disposed on the side 
of the downwardly projecting stem portion thereof. Lo- 
cated near the center of each key stem is a stud 42 
projecting therefrom and which cooperates with a diag- 
onal-walled cam slot 43 formed in control or latching 
slide 44. Latching slide 44 is supported for lateral move- 
ment by rollers 45 and is spring-urged to the right, as 
viewed, into engagement with stud 42 by suitable spring 
means not shown. Thus, when one of the amount keys 
is depressed, slide 44 is forced to the left by stud 42 and 
into engagement with zero-stop pawl 46. As a result 
of the engagement, pawl 46 is rotated in a counter-clock- 
wise direction about it pivot 47, thereby releasing block 
48 integrally connected to differential actuator or rack 
49. With block 48 released, actuator 49 is freed to move 
to the right toward the rear of the machine until the 
corresponding shoulder 50, formed thereon, comes into 
engagement with stud 41 of the depressed key, thus stop- 
ping the rack at a lateral position commensurate with 
the digital value of the key depressed. For example, 
when the #8 key is depressed, the square stud on the 
lower end of the stem thereof engages the lowermost 
shoulder of rack 49 and thereby stops the rack in its 
#8 digital position, the square stud on the #7 key en- 
gages the next higher shoulder, and so on. 

The #9 key, however, does not function exactly as do 
the remaining keys. When the #9 key is depressed, slide 
44 is forced to the left, pawl 46 is rotated counter-clock- 
wise, block 48 is released, and rack 49 is permitted to 
travel the entire distance to the right, during the machine 
operation, until stopped by projecting bar 51. This ex- 
treme position of the rack corresponds to its #9 digital 
position. If none of the keys of a particular row are 
depressed, the corresponding rack is not permitted to 
move and thus remains in its #0 digital position. 

All of the racks are guided at the rear ends thereof 
for straight-line movement during their travel by means 
of a slotted bar, not shown, which is supported between 
the side-frames of the machine. Each of the racks asso- 
ciated with a particular amount row of the keyboard 
is connected by link 54 to an auxiliary rack 55 which is 
also guided for straight-line sliding movement. It is thus 
evident that the exact linear translational movement of 
amount rack 49 is immediately transmitted to its corre- 
sponding auxiliary rack 55. With respect to the racks 
associated with the date and symbol key-banks, no auxil- 
iary rack is provided inasmuch as these banks are used 
merely for printing purposes and consequently do not 
have any corresponding totalizer wheels associated there- 
with. Each of the amount racks is provided with a slot 

56 formed on the lower side thereof, for receiving stud 

57 mounted on reducer-arm segment 58, which, in turn, 
is rotatably mounted on reducer arm shaft 59 journaled 
at either end in the side-frames of the machine. The 
rightmost lower edge of reducer-arm segment 58 is spring- 
urged by spring 64 into engagement with leading-frame 
bar 60 which is supported between a pair of identical 
leading-frame arms 61, only one of which is shown. 
Arms 61 are fixedly secured to either ends of reducer-arm 
shaft 59 and arc located just inside the side-frames of the 
machine. Each of arms 61 is provided with a roller 62 



on the lower end thereof which are adapted to engage 
with bifurcations provided on a ca.m follower arm, not 
shown. 

When the main cam shaft of the miachine is rotated 
5 through one revolution by motor 63 mounted on the 
lower side of the machine base 65, the cam follower arms 
are first rocked in one direction and then are rocked in 
the opposite direction so as to elect movement of leading 
frame 61 first toward the rear of the machine and then 

2 back to its original position as shown. As each of 
reducer-arm segments 58 is spring-urged into engagement 
with leading-frame bar 60, by means of pin and slot con- 
nection 56 — 57 segment 58 is capable of translating its 
related amount rack first to the right and then to the left, 

15 as viewed. Hence, all of the amount racks are simul- 
taneously urged by spring 64 toward the rear of the 
inachine during the first half of the machine cycle until 
each is stopped by its respectively depressed key. There- 
after, all of the amount racks are positively restored to 

20 their home position, as shown, by means of leading- 
frame bar 60 coming into direct engagem^cnt with arm 
58 during the second half of the cycle. 

The resulting differential positioning of each amount 
rack is transmitted to its corresponding type sector 67, 

25 by means of link 68 pivotally connected between type 
sector 67 and segment 58 to rotatably position the type- 
seetor to correspond to the digital position of the amount 
rack, type-sector 67 being pivotally connected to the 
upper end of printer arm 69 rotatably mounted on printer 

30 shaft 70. Printer arm 69 is normally locked in the posi- 
tion shown by printer release trigger 66, which, when 
rocked counter-clockv,'ise, releases the printer and permits 
it to be spring-urged clockwise by spring 75, thereby driv- 
ing type-sector 67 against the record material placed 

3:5 around platen 71. After type-sector 67 has been sub- 
stantially positioned during the first half of the machine 
cycle and leading frame bar 60 has completel its rear- 
ward movement, aligner bar 72 is rocked into engagement 
with the aligning notches formed on the lower end of 

40 reducer arm segment £8 so as to precisely align all of the 
printing sectors in their differentially-set positions. After 
the printing operation is completed, aligner bar 72 is dis- 
engaged from the reducer arm aligning notches thus per- 
mitting the racks and type-sectors to return to home posi- 

45 lion. 

In some types of accounting operations, it is desira- 
ble that a "zero" is not to be printed when an amount 
key in a particular amount row is not depressed. Thus, 
as more clearly shown in FIG. 34, a "zero-elimination" 

50 order-hook 76 is pivotally mounted on rod 77 supported 
in printer framework 52 and is provided with a tooth 
which cooperates with a corresponding tooth on control 
plate 78 so as to retain plate 7S, arm 69, and hence 
sector 67 against printing movcm.ent even though trig- 

u-5 ger 66 is rocked counter-clockwise as previously de- 
scribed. There sue other times, hovyever, when it is de- 
sired that the "zero" be printed when an amount key is 
not depressed. This is accomplished as follows: As pre- 
viously described, during the first half of a machine op- 

00 eration the amount racks arc moved rearwardly, thereby 
causing reducer arm segment 58 to be moved out of its 
home position. This rearward movement causes stud 53, 
mounted on an extension of segment 58, to cam down 
the tail of order-hook 76 and thus move the tooth thereof 

05 out of engagement with the corresponding tooth on plate 
78 and thus permiits type-sector 67 to make a printing 
stroke. 

With reference to FIG. 35, there are shov/n sixteen 
zero-elimination order-hooks 76 disposed on shaft 77 in 

70 a side-by-side relationship with respect to one another, 
each being associated v/iih a particular type-sector to 
control the operation thereof as previously described. 
The first and second ones of order-hooks 76, counting 
from right to left as viewed, respectively control opera- 

75 tion of the first and second ones of type-sectors 67 to 
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allow the printing of symbol designations only. The 
third order-hook controls operation of the third type-sec- 
tor which normally prints the first-order or "penny" 
decimal digit of the amount word havir.g a value from 
"0" through "9." The fourth order-hook controls op- 
eration of the fourth type-sector which norsnally prints 
the second-order or "dime" decimal digit of the amount 
word with the decimal digit "0" thru "9" being preceded 
by a decimal point. Thus, by selective control of the 
third and fourth type-sectors, printing of amounts from 
.00 to .99 cents are effected. The eighth order-hook con- 
trols the printing operation of the eighth type-sector 
which normally prints the sixth-order or "thousand dol- 
lar" decimal digit of the amount word, with each deci- 
mal digit "0" thru "9" preceded by a comma. Like- 
wise, the eleventh order-hook controls printing operation 
of the eleventh type-sector which normally prints the 
ninth-order or "million dollar" decimal digit of the 
amount word, with each decimal digit thereof preceded 
by a comma. 

Therefore, it is evident that for those zero digits which 
are to be suppressed, the corresponding order-hook is 
permitted to lock its corresponding type-sector against 
a printing movement. Accordingly, for those zero digits 
which are to be printed, the corresponding order-hooks 
are rocked out of engagement with their respective type- 
sectors to permits those sectors to complete their print- 
ing operation. Interlocking studs are provided on the 
upper ends of order-hooks 76 and cooperate with one 
another in a conventional manner so that a disengaged 
order-hook effects the simultaneous disengagement of all 
lower-order order-hooks with respect thereto. 

The just described accounting machine is provided 
with ten conventional add-subtraet totalizers, each of 
which has a capacity of 99,999,999.99. Only six of the 
ten totalizers are diagrammatically illustrated in FIGS. 
3A and 3B and are numbered 1 through 5, and one 
designated as the "X" totalizer v.'hich is used in over- 
draft operations in a manner to be later described herein. 
Each of the totalizers includes one gear wheel for each 
of the denominational orders of the nuimber, with each 
gear wheel having twenty teeth formed along the pe- 
riphery thereof. All of the gear wheels of the totalizers 
are located in a co-p!anar relationship with respect to 
amount racks 49 and auxiliary racks SS and are adapted 
to be selectively engaged with and disengaged from the 
rack teeth in order to permit keyboard entries to be 
transferred therein and to perform the various calculat- 
ing functions of the machine. 

Located beneath the control keys of the keyboard are 
a plurahty of totalizer control slides, not shown, which 
selectively effect the engagement and disengagement of 
totalizers #2 through #9 with respect to their respec- 
tive amount racks. The type of operation to be per- 
formed in any of the totalizers, such as add, subtract, 
total, or non-total, is determined by the distance through 
which its associated totalizer control slide is permitted 
to move. The movements of these slides are controlled 
either by carriage stops, indicated generally as 73 in 
FIG. 3A, which are mounted on the traveling carriage, 
indicated generally as 74 in FIG. 3B, or by the control 
keys located on the left-hand side of the keyboard, as 
previously described. As a complete understanding of 
the totalizer control apparatus, necessary to carry out the 
above-mentioned cycles of operation, is not believed 
necessary for a full and complete understanding of the 
present invention, a detailed description thereof is not 
herein given. However, such a detailed description may 
be found in the before referred-to Patent 2,626,749, and, 
consequently, will not be again repeated herein. 

In order to provide the computer with the capahiiity of 
either "sensing," and thereby determining the respective 
longitudinal positions of the various amount racks, or 
to selectively arrest movement of the racks to position 
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each in a predetermined one of its ten positions indicative 
of numerals "0" llirough "9," a "read-in read-out" device 
has been devised and attached to the rear of the account- 
ing machine. With additional reference to the plan view 
of FIGURE 4, the device consists essentially of a pair of 
side piates 80 vertically disposed on either side and to the 
front thereof. Side plates SO are connected together by 
means of a horizontasiy disposed mounting-bar 81, 
alTixed by suitable means (not shown) to plate-attaching 
blocks 79 attached to plates 80. Plates SO are additionally 
connected together by rack-solenoid cross-bar SZ, affixed 
thereto by means of screws 83 threaded in either end of 
cross-bar 82. Mounting-bar 81 is also fixedly secured to 
the base 05 of the machine (FIG. 3B) by means of screws 
threaded therein, whereas, cross-bar 82 is additionally 
fixedly secured to header-bar members 84 of the machine 
by strap braces 85, respectively affixed thereto by bolts 
8S and 87 threaded therein. A second pair of side plates 
83 are each secured to one of side piates 80 by screws 89 
threaded in plates 80, and are additionally secured to one 
another by means of horizontally disposed switch-bars 
90 affixed normally thereto by means of screv/s 91 
threaded in either end of bars 90. 

A printed-switch support member 94 (FIG. 3B), 
affixed to bars 90 suitable means not shown, is provided 
with a pair of vertical projections 95 located on either 
end thereof, and onto v.'hich is .secured a horizontally dis- 
posed plunger-support member 96 by means of screws 97 
(FIG. 4) threaded in projections 95. As shown in P'lG. 
4, a plurality of identical rack extensions 98 are indi- 
vidually connected by means of pins 99 and spring clips 
100 to a different one of the ten auxiliary racks 55 which, 
when viewed from right to left, respectively represent 
the low-order digit "0" through the high-order digit "9 ' 
of the amount word entered in the keyboard of the ac- 
counting machine as previously described. As shown in 
FIG. 3B, on the uppermost edge of each of rack extensions 
9S are formed ten "saw-tooth" shaped rack teeth, indi- 
cated generally as iOl, each of v/hich, from right to left as 
viewed, respectively repi'esents one of the ten digital 
amount positions "0" thru "9" of a different one of the 
amount racks. 

In order to obtain "straight-line" travel of the amount 
racks during movement (hereof, each of lack extensions 
98 has riveted thereto a switch plunger 102 which is in 
sliding contact with plunger support member 96 and in 
guided between guide washers 103 which, in turn, are 
rotatably supported by screws 104 threaded in support 
member 96. Vertical movements of the amount racks are 
prevented by means of a horizontally disposed cross-bar 
92, which is afflxed to side plates 80 by screws 93 threaded 
in either end of the bar, cross-bar 92 being fitted in a 
rectangular slot lOS formed in each of the amount racks. 
Rack "wobble" is prevented by means of a double-edged 
comb 109 aOixcd to the front face of cross-bar 92 by 
screws 110 threaded therein, comb 109 being inserted in 
slot iC8 of each of the racks in such a manner that each 
rack is effectively slideably fitted in the space betv/een 
oppositely disposed teeth of the comb, thus preventing any 
bending movement of the racks during travel thereof. 

When all of the amount racks are traveling from home 
position toward the rear of the m.achine in a "setting" 
direction, it is necessary that all travel in unison v.ilh 
neither lagging nor leading the other. Consequently, a 
"helper" spring ICS is connected between each of rack 
extensions 98 and spring bar 106 attached at either end 
thereof to side plates 38 by suitable means not shown. 
Each of the springs possesses a "spring-constant" charac- 
teristic sufficient to maintain all of reducer arm segments 
58 (FIG. 3A) in contact with their respective leading- 
frame bar 60 during the cycle of operation of the machine. 
Thus, during the rack-setting operation, all racks simul- 
taneously move in exact alignment during their setting 
operation. 

For reasons to become more apparent hereinafter, it is 
desired that the various digital positions at which the 
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amount racks have been positioned, be easily determinable 
by the computer. Consequently, wiper arm assembly, 
indicated generally as 107, is affixed to and carried by 
the lower side of each of rack extensions 93. The assem- 
bly comprises an angle-bracket 111 welded to rack ex- 5 
tension 98, and which supports a laminated body of elec- 
trically non-conductive wafers 112 having sandwiched 
therebetween a pair of flexible, electrically conductive and 
oppositely disposed wiper blades 113 and 114 which are 
fixedly secured at one end by means of suitable bolts 113. j^q 
The opposite ends of wiper blades 113 and 114 are in 
sliding contact with the upper and lower faces, respec- 
tively, of a printed circuitry type of switch board 116 
which is secured to support member 94 by means of 
screws 117 threaded in blocks 90. 1 ^ 

With reference to FIGS. 5A and 5B, pnnted-circuit 
board 116 consists essentially of an electrically non-con- 
ductive support having a plurality of electrical conductors 
formed on the opposite surfaces thereof by electrodeposi- 
tion, etching, or other well-known techniques. FIG. 5B 20 
is a plan view of the conductor arrangement disposed on 
the bottom face of board 116, which arrangement com- 
prises ten conductors 119, each positioned parallel to the 
movement of the amount racks, and thus wiper blades 
114, and terminating on the lower side of the board at 25 
terminals D41 through D9, respectiveiy corresponding to a 
successively higher-order amount rack representation. 
FIG. 5A is a plan view of the conductor arrangement on 
the upper face of board 116, which arrangement com- 
prises ten conductors 113 posiiioned perpendicular to gg 
the movement of the amount racks, and thus wiper blades 
113, and terminating on the upper side of the board at 
terminals 120a thru 120;, respectively corresponding to 
the ten digital positions "0" thru "9" of the amount racks. 
As conductors 119 are arranged parallel to the move- g^ 
ment of the amount racks, wiper blades 114 are, at all 
times, in electrical contact with corresponding ones of 
conductors 119, whereas, wiper blades 113 are, at all 
times, in electrical contact with one of conductors 118, 
depending upon, of course, the distance their respective ^q 
racks have moved in order to get to their present digital 
location. For example, if the amount rack correspond- 
ing to the first-order digit is still at home position, the 
lowermost one of wipers 113 remain positioned on the 
first vertical conductor located on the loft of board 116, 
as viewed in FIG. 5A. However, if the amount rack has 45 
moved and is now located in its number "1" digital posi- 
tion, wiper blade 113 is then positioned on the conductor 
located second from the left, and so on, to the tenth ver- 
tical conductor upon which wiper blade 113 is positioned 
when the amount rack is located in its number "9" digital 50 
position. 

Therefore, as wiper blades 113 and 114 are electrically 
connected together, in order to "interrogate" the first- 
order amount rack as to its digital position, for example, 
it is necessary only to supply a pulse of electrical energy 55 
at terminal Di/) on the lower side of board 116. Conse- 
quently, the interrogation pulse appears at one of termi- 
nals 120fl thru 120/ on the upper side of board 116 de- 
pending upon, and corresponding to, the digital position 
of the lov^-order rack. For example, if the first-order 00 
rack is in the number "5" digital position, the interroga- 
tion pulse appears at terminal 120/ on the upper side of 
board 116. It is now evident that in order to interrogate 
all of the amount racks as to their respective dighal posi- 
tions, it is necessary only to sequentially supply an elec- 05 
trical impulse to terminals D^ thru D9, and immediateiy 
thereafter a sequence of output pulses appear at output 
terminals Uda thru 120/, respectively corresponding to 
the digital position of each of the ten amount racks. That 
is, if the first pulse output is at output terminal 120/, if 70 
the first-order amount rack is located in the number "5" 
digital position; if the second output pulse appears at 
output terminal 120ft, the second-order amount is Iccattil 
in the number "1" digital position, and .so on, until tho 
last or tenth output pulse appears at one of the output 75 



terminals indicative of the digital position of the tenth- 
order am»ount rack. 

In order that the computer is capable of controlling the 
prinllng operation effected by the accounting machine, 
it is necessary that suitable means be provided whereby 
any selected one, or all, of the amount racks of the 
machine are capable of being stopped at predetermined 
digital positions under the control of the computer. 
Witli reference to FIG 3B, in addition to the "exploded" 
view 01 FiG. 6, such a computer-controlled rack-stopping 
mechanism consists essentially of a plate 125 attached 
to the front face of cross-bar 82 by s>cre^vs 126 threaded 
therein and essentially extending the entire distance be- 
tween side plates 80. 

It is to be appreciated that essentially there are a 
tot:iI of ten individual rack-stopping mechanisms, each 
one being identical to the one shown in FiG. 6 which 
corresponds to and controls positioning of the tenth- 
order amiOunt rack. 

An L -shaped bracket 127 is secured to piate 125 by 
means of screws 129 threaded in bracket 127 and a rack- 
stopping solenoid RA9L (corresponding to the tenth- 
order rack) is affixed to bracket 127 by suitable means 
not shown. A flat solenoid armature 130' has riveted 
thereto an L -shaped spring member 128, the horizontally 
disposed leg portion of spring member 12S being afnxed 
to bracket 127 by means of screws 132 threaded therein, 
and washer 131 being interposed between the heads of 
screws 132 and spring member 128. The face of the 
vertical leg of armature 130 is disposed in close proximity 
to core 133 of solenoid RA9L and is magnetically at- 
tracted thereto each time the solenoid is energized by 
electrical current being passed through input leads 134 
and 135 thereof. Also riveted to the vertical face of ar- 
mature 130 is an horizontally disposed lever arm 136 
having a pair of downv.-ardly depending arms 137 sup- 
porting a cylindrical tempcred-steel rack-stopping pin 138. 

Therefore, it is evident that each time any one of the 
ten rack-stopping solenoids is selectively energized, the 
vertical leg of armature 130, corresponding to that par- 
ticular rack, is attracted toward solenoid core 133, the 
left end of lever arm 136 is deflected downwardly, and 
pm 13S is inserted in front of tho tooth on rack extension 
93 corresponding to the digital position that particular 
rack is desired to be stopped. Thus, by selectively ener- 
gizing all ten of rack-stopping solenoids RA0L-RA9L 
(FIG. 4) from computer controlled means at particular 
times during their movement in the setting direction, each 
of the amount racks is stopped and thus positioned at 
any digital position from "0" to "9" and each is then 
effective to control printing of the numerical digit corre- 
sponding to the digital position of that particular amount 
rack as previously described. With the exception of the 
ririitmost one of teeth 101, all of the teeth on rack ex- 
tension 98 are equally spaced by a distance of approxi- 
mately five thirty-seconds of an inch. However, in order 
to provide a suitable clearance of approximately twenty- 
five thousandths of an inch between rack-stopping pin 
133 .ind the richtmost or "0" digit tooth during inser- 
tion of the pin, the spacing between the "0" digit tooth 
and the adjacent "1" digit tooth is five thirty-seconds less 
twenty-five thousandths, or approximately .132 inch. 

A laminated spring buffer mechanism (FIG. 3B) com- 
prising top, center, and bottom L-shaped leaves 142, 143, 
and 144, respectively, is afH.xed to the upper surface of 
cross-bar 82 hy means of screws 145 threaded therein. 
The lower end of each of the depending leg portions of 
leaves 142 and 143 has a vertical slot, not shown, centrally 
formed therein to accommodate lever arm 136 of the 
rack-stopping mechanism together with rack extension 9'S, 
both of which are slidably positioned therein. The width 
of the slot in leaves 142 and M3 is siigh'.ly larger t'nan 
the gi'calcst thickness of arm 136 or rack SS, but is nuich 
sniailcr than tlie width projection of depending asms 137, 
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Additionally, the buffer mechanism is so positioned that 
cjch end of rack-stopping pin 138 is in close proximity to 
the front surface of leaf 1 32. As a result, leaves 1-52 
and 143 provide a support for the backside of pin 133 
to absorb tite force of the blow exerted by the rack teeth 5 
on pin 138 when the rack is suddenly stopped thereby. 
However, it has been found that when the rack is traveling 
at maximum velocity in the rearward setting direction 
and is brought to a sudden stop by pin 138 being inserted 
in front of one of teeth 101, the lov/er ends of leaves 10 
142 and 143 are deflected to the right as viewed in 
F!G. 3B. When the rack is suddenly brought to a stand- 
still, the depending legs of leaves 142 and 143, due to 
the energy stored therein, attempt to resume their original 
position. As a result, they tend to overshoot their mark 15 
by deflecting to the left and thus attempt to drive tlie 
rack in the opposite direction. To minimize this unde- 
sirable effect, a screw 146 is slidably mounted in aligned 
holes formed in leaves 142 and 143 and is threaded in 
leaf 144. A pressure setting spring 147 is interposed be- 20 
tween the head of screw 146 and washer 143 positioned 
against the front face of leaf 142. Thus, by suitable 
adjustment of screw 146, a suitable friction damping effect 
is provided the rack-stopping mechanism and rebounding 
of the racks is minimized. 25 

As previously described, during a rack setting operation, 
all non-stopped amount racks travel in nnison and in 
alignment with the other. Consequently, control means 
have been provided whereby the computer not only de- 
tects the corresponding digital positions of all stopped 30 
racks, but, in addition, detects the point-by-point digital 
position of all non-stopped racks. With reference to FIG. 
4, an eleventh or timing rack 149 is provided having a 
construction and mode of operation exactly the same as 
the just-deseribed amount and auxiliary raci;s 49 and 55, 35 
respectively, with the exception that timing rack 149 is 
not stopped at any time by' a depressed key on the ac- 
counting machine keyboard and is not provided with a 
solenoid-actuated rack-stopping mechanism. Actually, a 
conventional amount and auxiliary rack are used for this ^'^ 
purpose and the row of keys, located on the accounting 
machine keyboard and which selectively stop that par- 
ticular rack when depressed, along with the zero stops 
46 (FIG. 3A) associated therewith, have been removed. 
Timing rack 149 is provided with an extension 150 at- 45 
tached thereto by pin 99 and spring clip 100, and is essen- 
tially of the same general construction as rack extensions 
98 with the exception that rack extension 350 does not 
have any teeth formed thereon. 

With reference to FIG. 7, together with the partial 50 
plan view thereof in FIG. 8, a flat rnd horizontally dis- 
posed, tim.ing rack comb 151 is welded to tlie uppermost 
face of rack extension ISO and has formed therein eight 
rectangular shaped slots 152 parallel disposed with re- 
spect to one another with their long axes perpendicularly 55 
disposed with respect to the direction of inovem,ent of 
rack extension 150. An L-shaped bracket 156 is aflixcd 
to the upper surface of cross-bar 82 by means of screws 
157 threaded therein, and a cubical block of insulating 
material 158 is attached to the lower front face of the 60 
depending leg of bracket 156 by means of screws 159 
threaded in block 158. Block 158 has embedded therein 
a photocell 160 whose terminals are connected to output 
terminals 161 and adapted to be energized by leads 162 
connected to a suitable source of electrical energy, not 65 
shown. A further L-shaped bracket 163 is attached to 
mounting bar 81 by suitable means, not shown, and has 
mounted on the horizontal leg portion thereof, a light 
source 164 which is energized by leads 165 connected to 
a suitable source of electidcal energy, not shown. A hori- 70 
zontally disposed flat plate 166 is fixedly secured to the 
lower end of block 158 by suitable means, not shown, and 
is positioned directly below and parallel with respect to 
timing rack comb 151 intermediate light source 164 and 
comb 151. Plate 166 has a single rectangular-shaped slot 75 



167 formed therein disposed substantially parallel with 
respect to, and of sufficient length so as to partially over- 
lap the slots formed in coirb 151. It is evident, there- 
fore,, that as liming rack 150 is moved from left to right, 
as viewed, the slots formed in comb 151 sequentially co- 
incide with the slot formed in fixed plate 166, thus se- 
quentially exposing light source 164 to photocell 160. 

For the accomplishment of the desired objectives in 
accordance with the present invention, it is desirable that 
the sequential alignment of slots 152 and 167, from the 
rightmost to the leftmost of slots 152, be synchronized 
with the time at which the non-stopped amount racks 
simultaneously pass through digital positions number "1" 
thru "8." For example, at the beginning of a rack- 
setting operation wdien all the amount racks are posi- 
tioned in their number "0" digital positions, the relative 
positions of slots 152 with respect to slot 167 are as 
shown in FIG. 8. However, when the non-stopped 
amount racks are approaching their number "1" digital 
positions, slot 167 is also approaching alignment with 
the rightmost one of slots 152; when all non-stopped 
amount racks are approaching their number "2" digital 
positions, slot 167 is approaching alignment with the 
second from the rightmost one of slots 152; and so on, 
until all non-stopped ainount racks are approaching their 
number "8" digital positions, at which time slot 167 is 
approaching the eighth or leftmost one of slots 152. 

However, as the just-described solenoid-actuated rack- 
stopping mechanism is not capable of inserting rack- 
stopping pin J3S (FIG. 6) in fiont of the desired one of 
rack teeth 101 in a zero amount of time even after the 
corresponding solenoid is energized, the computer, hence 
the solenoid, must be "warned" or notified slightly in ad- 
vance in order for the rack-stopping mechanism to be 
effective in slopping its related rack at the desired digital 
position. For example, it has been empirically determined 
that, with a rack traveling at an average velocity of 
approximately twenty inches per second, approximately 
one-tenth of an inch is sufircjent anticipation for the rack- 
stopping mechanism. Consequently, as the tooth pitch 
of the amount racks is approximately equal to five thirty- 
seconds of an inch, slots 167 and 152 are in substantial 
alignment approximately two-thirds of a digital position 
ahead of the non-stopped amount racks. However, as the 
amount racks start with an initial velocity of "zero" and 
are therefore traveling at a relatively low velocity when 
passing through digital positions number "1" and number 
"2," and also as the spacing between the first and the 
second ones of rack teeth 101 is approximately twenty- 
five thousandths of an inch less than the pitch of the re- 
maining teeth, as previously mentioned, the distance be- 
tween the slots formed in comb 151, at the rightmost end 
thereof, are much less than the distance between the slots 
formed in the leftmost end thereof. 

Ideally, the slot spacing should approximate the curve- 
plot of rack velocity vs. time. However, due to various 
loading conditions of the amount racks occurring during 
the setting operation thereof, the exact spacing between 
slots are empirically determined. Such an empirical de- 
termination is as follows: a satisfactory distance between 
slot 167 and the first one of slots 152, counting from right 
to left and when in a "0" digit position, is .045 inch; a 
satisfactory distance between the second and the third 
ones of slots 152 is .162 inch; and the consecutive dis- 
tances between the remaining adjacent ones of slots 152 
are .164, .153, .157, .153 and .139 inch, respectively, 
corresponding to slot distances 3 — 4, 4 — 5, 5 — 6, 6 — 7, 
and 7 — 8; a slot width of .030 inch has been found 
satisfactory. 

With reference to FIG. 3B, there is shown a mechani- 
cal type of memory device which is utilized by the com- 
puter to temporarily store indications of the digital posi- 
tions of each of the amount racks at the end of the previ- 
ously-initiated rack-setting operation. The device then 
operates suitable output means in the form of a con- 
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ventional card or paper tape punching mechanism which 
makes a permanent record of all of the sequential digital 
positions at which the amount racks were stopped during 
a programming or computing operation. 

Such a memory device consists essentially of a hori- 
zontally disposed upper switch-basket, indicated generally 
as 170, and a horizontally disposed lower switch basket 
located directly below switch-basket 170 and indicated 
generally as 171. Upper switch-basket 170 consists essen- 
tially of a substantially flat, rectangular-shaped and hori- 
zontally disposed board 172 composed of a suitable elec- 
trically non-conductive material, such as fiberboard or the 
like, and affixed to the underside of cross-bars 173 by 
means of screws 174 threaded therein. Cross-bars 173, 
in turn, are affixed to side plates S8 by means of screws 
175 which are threaded in the ends of bars 173 as shown 
more clearly in FIG. 4. Board 172 is provided with ten 
equally spaced and rectangular shaped slots 176, the long 
axis of each slot being in axial alincment with the direc- 
tion of movement of a different one of the amount racks. 
A column of ten pairs of equally spaced and metaih'c 
spring-clips 177 are fixedly secured to an electrically non- 
conductive mounting block 178 and collectively form a 
unitary assembly of the upper switch-basket. As shown 
more clearly in FIG. 12, the lower end of each pair of 
spring-clips 177 making-up a column is "snapped in" and 
held by the same one of the rectangular slots formed in 
board 172. With reference back to FIG. 3B, each col- 
umn of spring-clips is disposed directly above and oriented 
parallel with respect to the direction of movement of a 
corresponding amount rack, and the spring-clips within 
the column are spaced in a manner such that each pair 
is positioned with respect to another pair to correspond 
to a different one of the ten digital positions of that par- 
ticular amount rack. Each of the spring-clips has con- 
nected thereto an electrical conductor forming a p;ut of 
input-output cable 179 which is electrically connected in 
a manner to be more fully described hereinafter. 

Lower switch-basket 171 consists essentially of a sub- 
stantially fiat, rectangular-shaped and horizontally dis- 
posed upper shelf-plate ISO and lower shelf-piate 181 
held in position by vertically disposed back and front 
side-plates 182 and 183, respectively, in a para'tcl rela- 
tionship with respect to one another. Shelf plates ISO 
and 181 are provided with a plurality of apertures in- 
dividually through which is slidably disposed a lower 
electrically-conductive spring-clip member IS4. Spring- 
clip members 184 are arranged in equally-spaced col- 
umns and rows and are positioned so that each of the 
lower spring-clip members is disposed directly below one 
of upper spring-clip members 177, as shown more clearly 
in the fragmentary view of FIG. 12. With reference to 
FIG. 9, the lower spring-clip members are arranged in 
ten equally-spaced columns which are designated, from 
right to left, #0 through #9 and are oriented in axial 
alignment with respect to the movement of and respec- 
tively corresponding to one the ten amount racks previ- 
ously designated as the first-order digit rack thru the tsnth- 
order digit rack. Each of the ton lower spring-clip mem- 
bers within a column is equally spaced with respect to 
one another and are positioned in rows, each of which 
corresponds to one of the ten digital positions of the 
amount racks. With reference to FIG. 12, two pair of 
upper and lower spring-clip members t77 and IS4, re- 
spectively, are taken from columns #8 and #9 and 
shown for illustrative purposes only. As shown, each of 
lower spring-clip members 1S4 within each column is 
guided for vertical movement only by means of common 
shaft 185 riding in an elongated slot 186 which is formed 
in the lower end of member 184. Each of spring-clip 
members 184 within a row are spring-urged downwardly 
by means of spring 187 which is interlaced between rods 
188. Rods 183 are atfixed at their ends to side-plates IS2 
and 183 (FIG. 9) and pins 189 are carried by fpring- 
clip members 184. An elongated bale 190 is rot^itably 



10 



13 



20 



30 



35 



40 



45 



50 



00 



05 



70 



mounted on shaft 191 affixed at its ends to side plates 
1S2 and 133 (FIG. 9) and is spring-urged by spring 192 
in a clockwise direction, as viewed, into engagement with 
each of lower spring-clip members 184 which are located 
in the same column. 

Therefore, each time spring-clip member 1Z4 is de- 
flected upwardly, bale 190 is first rocked counter-clock- 
wise by cam surface 169, and then is rocked clockwise by 
spring 192 when cam surface 169 passes the end-most 
projection of bale 190. Thereafter, bale 190 engages the 
lower-most portion of cam surface 169 and locks spring- 
clip member 184 in its upwardly deflected position, as 
shown by the dotted lines, and thus effects a short-circuit 
of upper spring-clips 177. However, if a different one of 
the lower spring-clip members, located in the same col- 
umn, is subsequently deflected upwardly, bale 190 is 
again rocked counter-clockwise and the lower clip mem- 
ber, which was previously held in a locked position, is 
returned to its lowermost position by means of spring 
187. However, the subsequently deflected lower clip 
member is locked in its upwardly deflected position by 
subsequent clockwise rotation of bale 190, as before. It 
is therefore seen that only one of the lower spring-clip 
members in each column is permitted to be locked in an 
upwardly deflected position at any one time due to the 
fact that a subsequendy deflected lower clip member re- 
leases all previously deflected lower clip members located 
in the same column. 

With reference to FIGS. 9 and 10, lower switch basket 
171 is provided with a shaft 193 on either end thereof 
which rides in an elongated slot 194 formed in arms 195 
and 196. Arms 195 and 196 are fixedly secured to 
either end of shaft 197 journaled in side-plates 88. On 
the right-hand extension of shaft 197, as viev.'ed, is fixedly 
secured arm 193 having a slot formed in the end thereof, 
the slot being engaged by pin 199 carried by the ro- 
tatable armature 290 of an electrically-operated solenoid 
designated L46 and which is mounted on side-plate 83 
by means of bolts 201. Solenoid L46 is a conventional 
commercially-available rotary type which, when ener- 
gized, the armature thereof is caused to be rotated in a 
clockwise direction, and, when de-energized, the armature 
is spring urged in a counter-clockwise direction back to 
its initial starting position. Mounted on left side-phite 88 
by means of bolts 202 is a second electrically-actuated 
solenoid designated L45 which is identical in construction 
as previously described solenoid L46. Rotatable arma- 
ture 203 of solenoid L45 carries a pin 204 which engages 
an elongated slot formed on the end of arm 195. 

With reference to FIG. 3B, lower switch-basket 171 
is spring urged upwardly, as viewed, by suitable springs, 
not shown, and normally rests in the position as shov.'n. 
However, when solenoids L45 and L46 are simultane- 
ously energized, shaft 197 is rocked clockwise and basket 
171 is lowered to a position sufficient to engage the lower- 
most end of one of spring-clip members 184 in each of 
the ten columns with a corresponding raised cam surface 
205 which is formed on the top side of the rightmost end 
of each of the ten switch plungers 102 which are in- 
dividually affixed to the end of one of rack extensions 98. 
Consequently, one of spring-clip members 184 in each of 
the ten columns engages cam 205 on its corresponding 
amount rack, by means of plunger 102, in a manner such 
that all of the engaged clip members, one in each col- 
umn, are latched in an upwardly deflected position as 
previously described. When solenoids L45 and L46 (FIG. 
9) are both de-energized, switch basket 171 is spring 
urged upv/ardly and consequently all of the latched clip 
members 184 are thereby brought into engagement with, 
and thus short-circuits, corresponding ones of upper 
spring-clip members 177. As shown, clip member 134, 
corresponding to the number "0" digital position of its 
particular amount rack, is illustrated as being in engage- 
ment with clip member 177 which is located in the num- 
ber "0" digit position in its particular column. However, 
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had the amount rack been in its number "9" digital jiosi- 
tion, the rightmost one of dip members 184, that is, the 
one located in the number "9" digital position, would 
have been deflected upwardly instead of the lower clip 
member located in the number "0" digital position as 
shown. 

With reference to FIGS. 9 and 11, a C-shaped bracket 
206 is riveted or otherwise secured to either end of mount- 
ing board 130 and is provided v/ilh a slot 207 into which 
slidably fits a vertically oriented rod 2&S. Rod 2S8 is hcJd 
fixedly secured by means of set-screw 269 ihrcaded in 
bracket 210 which, in turn, is fixedly secured to side- 
plate 88 by means of screw 211 threaded in the end of 
bracket 210. Consequently, it is seen that the desired 
vertical movement of lower basket 171 is insured at ail 
times. 

In some instances, operation of the card or paper tape 
punching mechanism is required only when the ajcoant- 
iiig machine carriage is in certain columnar posisions cor- 
responding to the columnar format of the ledger cards or 
business forms in the carriage thereof. Consequently, 
operation of the punching mechanism is additionally con- 
trolled by means of a plurality of switches located at the 
back of the traveling carriage which :ire actuated by a 
plurality of adjustable stops removably mounted on a rear 
form-bar located on the back of the carriage. Such a car- 
riage-position switch mechanism is of the same general 
type as that shown and described in copending application 
Serial No. 567,411, filed February 23, 1956, by Edgar H. 
Sonnanstine, Jr., and assigned to the same assignee as the 
instant application. Consequently, a detailed description 
thereof is not deemed necessary to be again given herein 
in order to obtain a full understanding and apprccialion 
of the present invention. 

Briefly, however, with reference to FIG. 17, the mecha- 
nism includes a substantially C-shaped rear form-bar 212 
removably mounted on suitable backets, not shown, which 
are secured to the lower rear framework of the carriage, 
the rear form-bar being es.sentially of the same general 
construction as the front form-bar which is similarly at- 
tached to the front of the carriage. Rear form-bar 212 
is slidably supported between rollers 213 and C7<tends sub- 
stantially the full length of the carriage. Removably 
secured to the rearward face of form-bar 212 are a plu- 
rality of plates 214 which are disposed along the length 
thereof in predetermined positions corresponding to the 
columnar format of the business forms to be inserted into 
the carriage of the accounting machine. 

Each of plates 214 is provided with two parallel and 
vertically disposed columns of holes formed therein, not 
shown, one predetermined hole or holes in each column 
having inserted therein one of switch operating studs 215 
and 216. With reference to the plan view of FIG. L'?, 
stud 215 is adapted to coact with one of a plurality of 
switch plungers 217 arranged in a left-hand row, whereas, 
stud 216 is adapted to coact with one of a plurality of 
switch plungers 218 arranged in a right-hand rov/. The 
total number of switch plungers 217 and 218 are equal 
to the total number of columnar holes formed in plate 
214, and each plunger is disposed directly opposite a 
different one of the holes, and, consequently, directly op- 
posite any stud inserted therein. As shown, plungers 217 
and 218 are slidably mounted in a shiftable framework, 
which, together with plungers 217 and 213, constitutes a 
switch basket similar to previously described switch basket 
171 shown in FIGS. 3B and 9. Each of the plungers has 
an enlarged rearward end, or lower end as viewed, having 
parallel side surfaces which fits snugly between and is 
guided for movement by suitable slotted guide rods 219. 
The forward, i.e. upper, end of each of the plungers is 
slotted to snugly embrace a suitably slotted guide rod 220, 
guide rods 219 and 220 being fixedly secured at their ends 
to top plate 221 and a bottom plate, not visible, which are 
slotted to receive guide rod 222 to form a shiftable frame- 
work for supporting plungers 217 and 218. A substantial- 



ly V-shaped actuating lever 223 is nivotally mounted on 
stud 224 and has the end of the upper arm thereof pinned 
to upper plate 221 and also s.- the lower plate, not shown, 
by means of pin 223 which is fixedly secured between the 
5 upper and lower plates. The end of the remaining arrn 
of lever 223 is slotted to receive stud 226 carried by the 
rolatable armature of an electrically-actuated, rotary 
solenoid L47 which is of the same general construction as 
those previously described. 

IQ When solenoid L47 is energized, the armature thereof 
is rotated in a counter-clockwise direction, as viewed, 
thereby causing stud 226 to rock lever 223 in a clockwise 
direction to shift the switch basket upwardly until a 
selected one of each of the upper ends of plungers 217 

jg and 218 respectively engage studs 215 and 216. Con- 
sequently, as a result of such engagement, predetermined 
ones of plungers 217 in the left-hand rov/, and prede- 
termined ones of plungers 213 in the right-hand row, are 
both depressed and latched in their downwardly deflected 

20 positions, and, additionally, simultaneously release se- 
lected ones of previously depressed and latctied plungers. 
Vv'hcn solenoid L47 is de-energized, the switch basket is 
spring-ur.ced back to its initial starting position. As a 
result of the basket retiun, the electrically non-conductive 

25 tip 228, carried on the lower end of each of the plungers, 
engage and thus deflect downw,nrd!y the topmost ones of 
a plurality of switch blades 229 which are arranged in 
twenty rows with each row corresponding to a different 
one of plungers 217 and 218. When tlie uppermost one 

30 of switch blades 229 is deflected downwardly, all of the 
switch blades in that particular column are electrically 
connected togetiier until solenoid 227 is again energized to 
move the switch basket upwardly, as viewed, as previously 
described. 

35 A substantially V-shaped arm 153 is pivotally mounted 
on stud 154 and supports a roller on the upper end there- 
of which is adapted to engage a projection of plate 214, 
as shov.'n in dotted lines, to rock arm 153 counter-clock- 
wise, as viewed, and effect actuation of a switching mecha- 

40 nism, indicated generally as SC41, in a well known man- 
ner. 

With reference to FIGS. 44B and 44D, cam actuated 
switching means have been provided to effect selective en- 
ergization of solenoids L45 and L46 (FIG. 9) and L47 

45 (F^G. 13) at predetermined times and in a predetermined 
sequence, in addition to effecting selective energization 
of a suitable paper tape punching mechanism in a manner 
to be described hereinafter. It is to be noted that FIG. 
44D is essentially a fragmentary view of the main cam 

go shaft mechanism of the accounting machine portion of 
the present computer which is illustrated in FIG. 44 of the 
previously referred-to Patent 2,626,749 and fully described 
therein. 

Briefly, however, the main cam shaft 588 of the ac- 

gg counting machine extends transversely across the machine 
beneath base 65 and is journaled at either end in roller 
bearings 589, only one of which is shown, mounted in 
brackets 590 secured to the under side of base 65 by 
means of screw 591 threaded therein. Even though not 

go illustrated in FIG. 44D, cam shaft 5SS has secured thereto 
a pburality of cams which are utilized for controlling 
various machine functions in a manner fully described 
in Patent 2,626,749. In accordance with the present in- 
vention, however, a pair of plate cams 592 and 593 are 

65 affixed to either side of a split hub 594 by means of screws 
595 threaded therein. Hub 594, in turn, is fixedly secured 
to shaft 588 by means of screws 596. As shown more 
clearly in FIG. 44B, a flat plate 597 is secured to depend- 
ing projections formed on the underneath side of base 

70 65 by means of screws 598 threaded therein. A mount- 
ing frame 599, in turn, is fixedly secured to the bottom 
side of plate 597 by means of screws 600 threaded therein 
and is adapted to have fixedly secured to the depending 
leg thereof, by suitable means not shown, a plurality of 

75 switches SC42, SC48, and SC49. 



3,112,394 



27 



23 



As diagrammatically illustrated in FIG. 440, and, as 
shown by the timing chart of FIG. 87C, for reasons to 
become more apparent hereinafter each time main cam 
shaft 58S of the machine is rotated clockwise through an 
arc of 126 degrees from the starting position as shown 
in FIG. 45B, cam 592 engages the movable arm of switch. 
SC49 such that the normally-opened contacts thereof are 
closed thereby, when the main cam shaft is rotated 16S 
degrees clockwise from the starting position as shown, 
cam 592 additionally engages the movable arm of switch 
SC48 such that the normally-opened contacts thereof are 
closed and the normally-closed contacts thereof arc 
opened thereby; when the main cam shaft is rotated 182 
degrees, the movable arm of switch SC49 is released by 
cam 592 and the normally-opened contacts thereof re- 
sume their initial opened condition; a 213 degree clock- 
wise rotation of the main cam shaft causes cam 593 to 
engage the movable arm of switch SC42 such that the 
normally-opened contacts thereof are closed thereby; a 
224 degree clockwise rotation of the main cam shaft 
causes the movable arm of switch SC48 to be released 
by cam 592 such that the normally-opened and the nor- 
mally-closed contacts of switch SC48 are allowed to re- 
sume their initial conditions; and, a 264 degree clockwise 
rotation of the main cam shaft causes the movable arm 
of switch SC42 to be released by cam 593 such that the 
contacts thereof are allowed to resume their initial con- 
ditions. 

As previously mentioned, due to the incorporation of 
an overdraft control mechanism in the accounting ma- 
chine portion of the present computer, true negative totals 
are permitted to be selectively printed-out from any of 
the totalizers therein, all of which is fully described in 
the previously referred-to Patent 2,626,749. With refer- 
ence to the fragmentary view of FIG. 44F, v/hich esscn- 
tialiy corresponds to FIG. 47 of She just referred-to patent, 
the overdraft control mechanism includes an overdraft 
cam shaft 601 extending transversely across the machine 
beneath base 65 and is journaled in brackets 602, only 
one of which is shown, which are secured to the under- 
neath side of base 65 by means of screws 603 threaded 
therein. Secured to overdraft shaft 601 is a spur gear 
604 which disconnectably engages a similar spur gear, 
not shown, mounted on main cam shaft 588 (FIG. 44D). 
As fully described in the just referred-to patent, the pitch 
diameter of overdraft gear 6M is twice that of the similar 
gear mounted on the main cam shaft of the machine, 
thereby causing overdraft cam shaft 601 to be rotated at 
one-half the speed of main cam shaft 588 when the latter 
is rotated during a machine cycle. 

In accordance with the present invention, a pair of leaf 
switches, indicated generally as SC45 and SC47, are in- 
sulated from and fixedly secured to bracket 605 by means 
of screws 606 threaded therein, bracket 605 being fixedly 
secured to bracket 602 by suitable means not shown. 
Rotatably mounted on a stud 607 (FIGS. 44C and 44E) 
aflixed at one end to bracket 605, are a pair of cam fol- 
lower arms 608 and 609 which are respectively spring 
biased in a clockwise direction, as viewed in FIGS. 440 
and 44E, by means of springs 610 and 611. Fixedly se- 
cured to overdraft cam shaft 601 are a pair of cams 612 
and 613 which are properly positioned on shaft 601 so 
as to engage rollers 614 and 615 respectively carried by 
cam follower arms 608 and 609. Respectively affixed to 
the upper end of each of arms 688 and 609 is one of a 
pair of insulating tips 616 and 617 v/hich are adapted to 
respectively engage leaf switches SC45 and SC47. 

With additional reference to the timing chart of FIG. 
87C, v/hen main cam shaft 588 is rotated 30 degrees from 
the initial starting position thereof, overdraft cam shaft 
601 is engaged thereto and is thereafter rotated at one- 
half the speed of the main cam shaft. Thereafter, each 
lime overdraft shaft 601 is rotated 10 degrees counicr- 
clockwise from its starting position as sb.ov/n in FT i. 
44C, cam follower arm 608 is permitted to be rocked 



clockwise by spring 610 due to the decreased diameter 
of cam 612 being presented to roller 614. Thus, when 
arm £03 is rocked clockwise, the normally-closed contacts 
of leaf switch SC4S are opened thereby. Each time over- 

o draft shaft 601 is rotated 165 degrees counter-clockwise 
from its initial starting position, an increased diameter 
of cam 612 is presented to roller 614, and, consequently, 
cam follower arm 698 is rocked counter-clockwise and 
thereby closes the contacts of switch SC45. 

10 V/ith additional reference to FIG. 4'IE, each time over- 
draft shaft 6!;l is rotated 260 degrees counter-clockwise 
from its starting position as shown, the maximum diam- 
eter of cam 613 is presented to roller 615, and, conse- 
quently, cam follower arm 609 is doilected counter-clock- 

15 wise such that the normally-opened contacts of leaf switch 
3C47 are closed thereby. However, each time the over- 
draft shaft is rotated 290 degrees counter-clockv/ise from 
its starting position, the minimum diameter of cam 613 
is presented to roller 615 to allow arm 609 to be rocked 

20 clockwise by spring 611, which, in turn, allowed the con- 
tacts of switch SC47 to resume their undeflected positions 
as shown. 

6. Paper Tape Punch Portion of Computer 

25 It is to be appreciated that substantially any one of the 
multitude of commercially available paper tape or card 
recording mechanisms is quite easily adaptable to be 
utilized by the present computer to provide a permanent 
record of all of the sequential digital positions at which 

30 the amount racks of the accounting machine portion 
thereof were selectively stopped doing a programming 
or computing operation. However, FIG. 44H discloses a 
partially cross-sectional and fragmentary view of a pre- 
ferred high speed paper tape recording mechanism so 

^y utilized by the present computer, which mechanism is 
fully described in copending application Serial No. 
820,53;), filed lune 15, 1959, by Richard C. Sim.merman 
et al. and assigned to the present assignee, FIG. 44H of 
the present application being substantially identical to 

40 FIG. 1 of the just-mentioned copending application. 

It is to be noted at the outset that the recording mech- 
anism partially shown in FIG. 44H essentially relates to 
that portion of the entire mechanism which is utilized, 
together with a common feeding means, for punching a 

^jj single hole in the paper tape during each operation there- 
of. As it is desired to utilize a transversely oriented 
column of eight holes, plus one sprocket hole, in a re- 
cording tape with respect to the travel thereof, and in 
Ticcordance with the particular code associated with the 

50 punching mechanism, it is to be appreciated that the 
complete paper tape recording mechanism, in fact, in- 
cludes a combination of nine substantially identical ones 
of such punching mechanisms shown in FIG. 44H, plus 
the single paper tape feeding means. 

55 As shown, side frames 618, only one of which is shown, 
form the main supporting structure for the recording 
mechanism, side frames 61S being held in a fixed spaced- 
apart relationship by means of a plurality of cross-bars 
including a punch guide block 619, a punched lever 

60 comb 620, and a punch interposer guide block 621. A 
rectangularly-shaped punch support block 622 is fixedly 
secured to one of side-plates 618, by suitable means not 
shown, and is provided with a single row of nine bores 
formed therethrough, each bore being adapted to have 

65 slidably disposed therein a punch member 623. Each 
of the punch members 623 is provided with a recess lo- 
cated midway its length, into which is disposed one end 
of a punch-restoring lever 624, punch-restoring lever 624 
being rotatably supported on a shaft 625 fixedly secured 

70 to the side frames 618, and additionally being spring 
urged in a counter-clockwise direction, as viewed, by 
means of a spring 626 connected to the leftmost end 
thereof. Consequently, punch members 623 are spring- 
urged upwardly by means of corresponihng ones of levers 

7ii 624. A die block 627 is spaced from and parallel dis- 
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posed below puneh support block 622 and is provided 
with a corresponding row of nine bores formed there- 
through, with each of the bores being in axiai alignment 
with respect to a different one of punches 623, and, the 
space between support block 622 and die block 627 being 
of sufficient magnitude to provide a proper clearance for 
the passage therethrough of paper tape 628. 

A plurality of nine punch levers 629 are each pivotally 
supported by a different one of punches 623 and are each 
rotatably mounted on an eccentric 630 formed on a shaft 
631, which, in turn, is journaled in the side frames 618. 
A punch lever comb 620 is transversely disposed mid- 
way the length of punch levers 629 and is provided with 
a plurality of rectangularly-shaped slots for accommo- 
dating each of the punch levers. The comb 620 also 
houses a shaft 632, which constitutes a stop for each of 
the punch levers 629 which are normally being urged 
thereagainst by means of the spring bias applied to 
punches 623, as previously described. 

Suitable power means, not shown, is operatively con- 
nected to the shaft 631 so as to continually rotate the 
eccentric 630 in a clockv/ise direction during operation 
of the punching mechanism. This clockwise rotation of 
the eccentric 630 causes the rightmost end of each of the 
punch levers 629 to be vertically translated in an ellipti- 
cal oscillatory path. Disposed adjacent the rightmost 
end of each of the punch levers 629 is a corresponding 
plurality of interposers 633, one for each of the punch 
levers 629, slidabiy supported in a guide comb block 634, 
which is fixedly secured to punch interposer guide block 
621 by suhable means not shown. Each of the inter- 
posers 633 is substantially pinned to the lowermost end of 
an interposer arm 635, the uppermost end of each of the 
interposer arms being rotatably supported on a shaft 636 
contained within the guide block 621. The uppermost 
end of each of the interposer arms 635 has an extension 
formed thereon which is adapted to be selectively engaged 
by armature 637 of a corresponding one of a plurality 
of electrically actuated solenoids, indicated generally as 
638, which are each supported by bracket 639 attached 
to side frames 618. 

In order to initiate a punching operation, selected ones 
of the solenoids 638 are simultaneously energized, so that 
the respective ones of the armatures 637 are each de- 
flected to the right and thereby engages the projection 
of the related one of the interposer arms 635. As a 
result of the simultaneous engagements, selected ones of 
the interposers 633 are simultaneously deflected to the 
left, from the position shown, and thereby present ob- 
structions in the paths of travel of the rightmost ends 
of corresponding ones of the punch levers 629. Due to 
the engagement with interposer 633, the respective punch 
lever pivots about that particular interposer, instead of 
pivoting about punch 623, as previously described. Thus, 
corresponding ones of punches 623 are thereby simulta- 
neously deflected downwardly to perforate a digit repre- 
sentation in the tape 628. Thereafter, the punches are 
returned to their norm.al positions due to the urgency of 
the springs 626 acting through the levers 624. However, 
in order to positively insure punches 623 being restored 
to their normal positions, the leftmost end of each of 
the punch restoring levers is engaged by the leftmost end 
of a corresponding one of punch levers 37, during trans- 
lation thereof, and is thereby urged counter-clockwise to 
positively restore its corresponding punch to its normal 
position. 

Located adjacent the front of interposer arms 635 is 
an interposer restoring cam 640, which is continually 
rotated in a clockwise direction in synchronism with the 
eccentric 630. The cam 640 is initially rotatably posi- 
tioned with respect to the eccentric 630 in such a way 
that at approximately 135 degrees of each revolution of 
the eccentric 630, the cam 640 engages the lowermost 
ends of those interposer arms 635 which have been de- 
flected forwardly by their respective solenoids, and thus 
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simultaneously restores each interposer arm 635 and its 
related armature 637 and interposer 633 to their norniLil 
positions. Located adjacent the rear of the guide comb 
block 634 is a peraianent magnet 641, which exerts a 
sufficient magnetic attraction to interposers 633 to nor- 
mally maintain each in an ineffective position, the attrac- 
tion, however, being insufficient to interfere with the 
shifting of the interposer arms 635 by the corresponding 
armatures of solenoids 638. 

Suitable driving means are provided for intermittently 
advancing the paper tape 62S by one unit of uistaiice only 
during that period between approxiniaiely 258 to 360 
degrees of revolution of the eccentric 630; i.e., ;;fSer each 
digital punching operation is compietsd. As shown, the 
paper tape 628 is fed from a supply reel 642 through the 
punching station and subsequently siored on a l:ikeu.n 
reel 643. Such feeding means comprises a ratchet wheel 

644 attached to a feed line 645, which is rotatably sup- 
ported by the side frames dlS. A'co mounted on feed 
line 643, adjacent sprocket wheel 644, is a second sprocket 
wheel, not shown, having a series of sprocket teeth formed 
on the periphery thereof for engagijsg correspoiiding 
sprocket holes punched in the paper tape. Also mounted 
on the end of feed line 645 is a manually operable knob, 
not shown, which provides manual control of the feed 
hne. 

The mechanism for advancing the ratchet wheel 644, 
to provide a paper-feeding operation, includes a piivA 645 
pivotally supported on a stud 646 and disposed within a 
slot, not shown, longitudinally formed in the lowermost 
end of a shaft 647. The uppermost end of the shaft 647 
is pinned to the lowermost end of a paper feed arm 648 
rotatably mounted on the eccentric 630. The shaft 647 
is slidabiy disposed in support 675 and guide 576 in such 
a manner that elliptical translational movement of paper 
feed arm 648 by eccentric 630 is transmitted to shaft 647 
to effect vertical oscillating movement thereof. The ver- 
tical oscillations of the shaft 647, of course, osciilate the 
pawl 645 in a similar manner. The pawl 645 is normally 
spring urged in a counter-clockwise direction, as shown, 
into engagement with the teeth of ratchet wheel 644 by 
means of spring 677 connected to an extension thereof. 
However, in order to insure positive engagement of pav.l 

645 with the teeth of ratchet wheel 644, the rightmost 
edge of the upper end of pawl 645 is engaged by a cam 
67S, in such a manner that, when the cam 678 is rotated, 
the pawl 645 is thereby positively deflected lo the left and 
into engagement with the ratchet wheel teeth. 

At the beginning of a punching operation during which 
the eccentric 639 is rotated from to 3 80 degrees, the 
shaft 647 is deflected downwardly and thereby withdraws 
the pav/1 643 from engagement with the raiehct wheel 6-14. 
As the pawl 645 continues its downward nioverricnt, the 
spring 677 pivots the pawl 645 counter-cloekv.'isc and 
thus positions the pawl beneath the next lower ratchet 
tooth. On thie upstroke of shaft 647, ratchet wheel 644 
is indexed counter-clockwise, and thus the paper tape is 
advanced by one unit of distance. As just mentioned, 
pawl 645 is additionally positively deOected into engage- 
ment with the ratchet wheel 644 by means of cam 673, 
thus assuring a proper feeding operation. 

7. Magnetic Ledger Card Handling Forlion of Computer 

With reference back to FIG. 1, a magnetic ledger card 
handling mechanism, indicated generally as 14, is mounted 
on the rightmost side of the just-described accounting ma- 
chine portion of the computer, and is adapted to cooperate 
with the accounting machine to automatically effect in- 
sertion of ledger cards in the carriage thereof and to 
automatically effect ejection of the ledger ca.rds when 
the carriage is within approximately two inches of its 
extreme right-hand position, as shown. The card handling 
mechanism is normally enclosed by a front cover 233, 
which supports a smooth surfaced and horizontally dis- 
posed table 232, onto which ledger cards arc Ecquentially 
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placed prior to (hoir iiiscrtion into the accounting ma- 
chine carriage. 

With refes'cnco to FIG. 14, there is shown a front view 
of the card hand'jng mechanism wifh cover 231 and table 
232 ren'oved. The nicchanism comprises a vertically dis- 5 
posed left side-p!atc 233, a vertically disposed i'ight side 
plate 234, a vertically disposed back side-plate 235, a 
vertically disposed front side-p'atc 236, and n diagoiuiliy 
disposed bottom side-p!ate 237, a!! of v/hich are con- 
nected together by suitable means, not shown, to form 10 
the ba.sic suppoit strcctiirc for the mechar,i;m. The 'eft- 
most end of bottom side-plate 237 is afllxcd to the loivcr- 
most end of left side-plate 233 by suitable means, not 
shown, side-plate 233 being a^xed to the rightmost bot- 
tom side of the accounting macliine frame 65 by means jj 
of bolls 23C threaded therein. The iefimost side of baciv 
side-p'ate 235 is afilxed to the right-hand extension of a 
rail 240, whic'i normally supports the rearward porlion 
of the accoantirg machine carriage, by means of screws 
23? threaded in the rail 240. A platen 241 is jouriialcd 20 
in the uppermost ends of side-p'ates 233 and 234, and 
is also journ.ded in hubs 242 and 243, v.'hich are respec- 
tively Yielded or otherwise affixed to side-plates 233 and 
234. The platen 241 is siibstantialiy identical in construc- 
tion to convcntioiial accounting macliinc platens and com- 25 
prises essentially a centraliy disposed metallic hub 244 
projecting from cither ends thereof. The hub 244 sup- 
ports a nictailic tube, not shown, v/hich is provided Vi'ith 
a layer of rubber, or the iiice, facing material 245 con- 
centrically disposed thereabout. 30 

Means are provided to effect the desired automatic 
rotational movement of the card handling platen 241 in 
order that the ledger cards, v/hich are previously in con- 
tact with tlie uppermost surface thereof, are driven there- 
by into operative cngagem.ent with the accounting ma- ;!,j 
chine platen. Such means essentially comprises an elec- 
trically-operated card driving motor (CDM) which is 
mounted on tl^e innermost surface of side-plate 234 by 
means of screws 247 tiireaded in the end bracket of the 
card drive motor, as shown in the fragmentary vicv/ of 'It) 
FEG. 31. The output shaft 248 of motor (CDM) ex- 
tends through bracket 234 and is rotatably supported at 
its extended end by mounting bracket 249, which is fi.xedly 
secured in a spaced parallel relationship with respect to 
bracket 234 by means of posts 250 interposed therebe- 45 
tween. One end of each of the posts 2S0 is welded or 
otherwise afOxed to bracket 234, whereas the opposite 
ends tliereof are fixedly secured to plate 249 by means 
of screws 251 individually threaded therein. Freely 
mounted on the motor shaft 248 are a pinion gear 252 50 
and a conventional friction clutch mechanism, indicated 
generally as 233, vdiieh com.prises a pair of metallic 
washers having a fiber w'asher interposed therebetween 
and glued or otherwise atTixed to the innermost face of 
one of the metallic washers. A knurled friction-adjust- 55 
ment knob 254 is threaded on the motor shaft 248 inter- 
mediate friction chitch 253 and plate 249. Thus, by ro- 
tational aiijustment of the knob 254, a predetermined 
amount of torque is transmitted from the motor shaft 248 
to the pinion gear 252 in a well-known manner. With gO 
additional .'■eference to FIG. 31, the pinion gear 252 
meshes with an idler gear 255, which, in turn, meshes with 
a spur gear 256 affixed to one end of shaft extension 257 
by means of set screw 238 threaded in gear 256. With 
reference to FfQ. 21, the opposite end of the shaft ex- (55 
tension 257 is connected to the hub 244 of the platen 241 
by means of a set screv/ 259 in the hub 244. 

Therefore, it is evident that rotational movement of a 
predetermined torque is imparted to the card drive platen 
241 by the card drive motor (CDiVI) through a friction 70 
clutch mechanism and a gear train interposed therebe- 
tween. However, for reasons to become more apparent 
hereinafter, it is desirable that rotational movement of 
the card drive platen 241 be immediately arrested at 
predetetermined times. Consequently, a fast acting 75 



electrically-operated card drive broking means has been 
provided and comprises a braking solenoid, indicated gen- 
erally by the reference character (CDB), which is at- 
tacised to the outermost surface of the side plate 234 
directly opposite the idler gear 255, by suitable means 
not shown. The idler gear 255 is freely mounted on a 
longitudinally movable armature shaft 263 in such a man- 
ner that when solenoid (CDE) is dc-c:iergized, the card 
drive motor (CDM) is permitted to rotate the platen 241 
in a normal manner. However, when the solenoid 
(CDB) is energized, the idler gear 255 is pulled inwardly, 
or to the left as viewed, and thereby locked against fur- 
ther rotational movement. I3ue to the normal action of 
the friction clutch 253, any and ail undesirable effects 
created by rotor inertia of motor (CDM) are precluded 
when platen 241 is suddenly brought to a standstill even 
though the m.olor is momentarily energized after the brak- 
ing action occurs. 

As shown in FIG. 1, the traveling paper carriage, for 
the before-described accounting machine, consists of a 
framiCv/ork which includes a pair of end housings 261 
With reference to FIG. 17, the end housings 264, only 
one of which is shown, are supported in a spaced and 
parallel relationship with respect to each other by means 
cif an G-shapcd cross-bar 265, an L-shaped cross-bar 
266, and a C-shaped carriage rack rail 267, to Vv-hich both 
of the end housings are secured by suitable means, not 
shov/n. Tlie cross-bars 265 and 266 are fixedly secured 
directly to the end housings 264, whereas the rack rail 
257 is fixedly secured at either end thereof to a bracket 
268 by suitable means, not shown, the bracket 263 being 
bonded to a rubber bicKk 269, v/hich, in turn, is bonded 
to a second bracket, 270 secured to end housing 264 by 
means of screws 271 threaded therein. 

The thus-constituted carriage frame is supported for 
transverse sliding movement on the aecoLintiug machine 
frame by means of a tube 272 secured to the under side 
of the cross-bar 268 by suitable connecting [oernbers 273. 
The tube .i72 rides in and is hori-wntaiiy supported by 
a series of grooved b:di-bo2ring rollers 274, which are 
rotatabiy secured to the back-raii 240. Vertical and side- 
wise movement of tube 272 is prevented by means of a 
plurality of conicaliy-shaped ball-bearing rollers, not 
shown, which are mounted on either side of and in en- 
gagement with the tube 272. The forward portion of the 
carriage is supported by means of baii-bearing rollers 275, 
which are received within a grooved formed in the cross- 
bar 267. The rollers 275, in addition to being rotatably 
supported by a vertically disposed frame-plate on the 
accounting machine, not shown, are also rotatably sup- 
ported on the front side-plate 236. The accounting ma- 
chine carriage is yieidably driven in either direction by 
suitable fluid driving means (including motor 63, FIG. 
3 A), operatively connected to a driving gear 277, which 
engages a carriage-drive pinion rack 276 fixedly secured 
to the cross-bar 265. 

With additional reference to FfG. 20, a substantially 
V-shaped guide-plate 278 is fixedly secured to the inner- 
most side of each of the end housings 254 and has formed 
therein an elongated slot 279, in which rides a pin 289 
affixed to an end-plate 231. A rectangularly-shaped front 
feed chute 2S2 extends the full width of the carriage 
and is secured at either end tliereof to both of the end- 
plates 281. On the lowermost side of the accounting 
machine carriage, there is rotatably supported a scpaare 
shaft 233 (FiG. 17) and a bail 284, each operatively con- 
nected together and operatively connected to the lower- 
most end of the side-plates 281 in such a manner th.it 
when the carriage open key ("CARR. OPEN," FIG. 2) 
is depressed, rail 284 is deflected coanter-clockvvise, as 
viewed. Consequently, arm 2S5 (FIG. 16), and hence 
shaft 2S3, are both freed to be rocked counter-clockv/ise 
and thereby allow the lowermost ends of the side-plates 
281 to be deflected downwardly and aiound the account- 
ing macliine platen 71. When the shaft 283 is rocked 
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counter-clockwise (FIG. 17), lower compi-ession rolls 
288, carried thereby, are moved out of engagement with 
the platen 71. Due to IIk: positional locations of the 
slots 279 in the side-plates 273 and pins 280 riding therein, 
when the lowermost ends of the side-p!ates 281 are de- 
flected downwardly and around the platen 71, the front 
feed chute 2S2 is lowered into the position shown in FIG. 
18, thereby completing normal opening of the accounting 
machine carriage in the manner more fully shown and 
described in the before-refen-ed-to Patent No. 2,626,749. 
When the accounting machine carriage is open and the 
card-drive mechanism latched in a driving position, as 
will later be described, a suitable ledger card is permitted 
to be driven downv/ardly to the left of chute 282, as 
viewed, between paper guide plate 289 and the bottom 
side of platen 71, and into paper guide channel 291. 
Thereafter, closing of the carriage engages the compres- 
sion rolls 288 with the platen 71 to secure the ledger 
card prior to the unlatching of the card-drive mechanism, 
as, again, will later be described. 

In accordance vi'ith the present invention, an elongated 
housing 292, extending substantially the full length of the 
carriage, as shown in FIG. 1, is pivotally mounted at 
either end thereof to the topmost side of the side-plates 
281 by means of a pivot 293, the housing 292 having 
affixed at either end thereof brackets 290 shown in FIG. 
20. A second pin 294 is affixed to each of the brackets 
290 and rides in a second elongated slot 295, which is 
formed in each of the side-plates 278 just above the slot 
279, as shown more clearly in FIG. 20. A plurality of 
compression rolls 296 are rotatabiy supported by brackets 
297 affixed to a shaft 298, which is operatively supported 
by the housing 292. The compression rolls 296 project 
through suitable openings formed in the front face of the 
housing 292, as more clearly seen in FIG. I. 

During the just-described carriage opening operation 
when the lower end of each of brackets 281 is deflected 
in a path down and around platen 71, bracket pin 230 
and housing pin 294, respecti\'el}' riding in slots 279 and 
295, separate from the other. Therofore, when front 
chute 282 is in the position shown in FIG. 18, housing 
292 is silted by a further amount, and, consequently, 
compression rolls 296 are positioned in close proximity 
to card-handling platen 241, the relative positions of pins 
280 and 294 being shown in FIG. 20 in their moved posi- 
tions by dotted lines. With reference to FIG. 19, the 
amount of tilt of housing 292 is limited by a pair of arms 
299, each connected at opposite ends of, and projecting 
through, housing 292 as shown. The depending end of 
each of arms 299 respectively support a stud 300. Thus, 
when housing 292 is in the position shown in FIG. IS, 
stud 300 engages the large diameter portion of one of a 
pair of cams 301 which are rolatable about shaft 237 
and are disposed at either end of platen 241 as shown in 
FIG. 14. When cams 301 are simultaneously rotated 
counter-clockwise, as viewed and by suitable means to 
be described hereinafter, both of studs 300 are engaged 
thereby to further tilt housing 292 in a counter -clockv.'ise 
direction and thereafter latch all of compression rolls 296 
firmly against platen 241 as illustrated in FIG. 19. It 
is therefore obvious that as long as compression rolls 
296 are latched against card-drive platen 241, paper guide 
282 — 292 is prevented from being raised to the position 
shown in FIG. 20. 

Therefore, when compression rolls 296 are latched 
against card-drive platen 241, card-drive motor (CDM) 
(FIG. 14) is energized and platen 241 is thereby rotated 
in a clockwise direction, as viewed in FIG. 19, the front 
edge of a ledger card, indicated as reference numeral 305 
and normally resting on table 232 as shown in FIG. 22, 
is automatically driven between the lowermost side of 
front feed chute 282 and the uppermost sides of paper 
guides 302 and 303, thence between the lowermost side 
of platen 71 and the uppermost side of paper-guide 289 
(FIG. 17), and thereafter into chute 291. 



By reversing card drive motor (CDM) and driving the 
ledger card outwardly to a predetermined position, bail 
284 is rotated clockwise the; jby positively driving com- 
pression rolls 288 into engagement with platen 71 by suit- 
g able means not shown. Unlatching of upper compression 
rollers 296 allows paper-guide 282 — 292 to raise to the 
position shown in FIG. 17. Consequently the ledger card 
is automatically positioned by paper guide strips 302 for 
a subsequent posting operation. 

10 With reference to FIGS. 14 and 16, means for selec- 
tively rotating latching cams 391 comprises an electrically- 
operated motor (PGM) mounted on vertically disposed 
bracket 310 by screws 311 threaded in the end housing 
of the motor, bracket 310, in turn, being secured to front 

15 side-plate 236 by means of screws 312 threaded in bracket 
310. The output shaft of motor (PGM) projects through 
bracket 310 and has affixed thereto spur gear 313 in 
mesh with a second spur gear 314. Gear 314 is fixedly 
secured to a hollow shaft 315 rotatabiy mounted on shaft 

20 316 which is journaled in bracket 310 and right side- 
plate 234. A second hollow shaft 317 is also rotatabiy 
mounted on shaft 316 and has spur gear 318 affixed on 
the end thereof adjacent side-plate 234. Gear 318 
meshes with tlie rightmost one of spur gears 319 affixed 

25 to either end of shaft 320 which is journaled in side- 
plates 233 and 234 and disposed parallel with respect to 
platen 241. Gears 319 individually mesh with one of 
spur gears 321 which are rotatabiy mounted on a projec- 
tion of each of side-plates 233 and 234, as illustrated in 

30 FIG. 21, with respect to side-plate 234. 

Each of spur gears 321 is fixedly secured to one of 
cams 301, by suitable means not shown, each of which 
is individually rotatabiy supported by the projection of 
one of side-plates 233 and 234. As shown in FIG. 14, 

35 a coil spring 324 surrounds oppositely disposed end por- 
tions of hollow shafts 315 and 317 and either end thereof 
is affixed to shafts 315 and 317 by means cf screws 322 
and 323, respectively, threaded therein. 

Therefore, it is seen that rotational movenient of the 

40 rotor of latching motor (PGM) is transmitted to both of 
latching cams 301 by way of gears 313, 314, spring 324, 
and gears 318, 319, and 321. As latching cams 301 arc 
positively stopped by latching pins 300, as previously de- 
scribed in connection v/ith FIG. 19, adverse effects of 

48 rotor inertia of the latching motor are eliminated by spring 
324 even though the motor may momentarily be energized 
after the latching operation is completed. 

With reference to FIG. 16, control means have been 
provided for selectively energizing the latching motor to 

50 effect the previously described latching and unlatching 
operation of the compression rollers with the card drive 
platen. The control means consist essentially of an 
L-shaped bracket 327 fixedly secured at one end to front 
side-plate 236 by means of screws 328 threaded in bracket 

65 327. A substantially V-shaped member 329 is pivotally 
mounted at its center to the opposite end of bracket 327 
by means of pin 330 and is spring-urged in a clockwise 
direction, as viewed, by means of spring 331. The left- 
most leg of member 329 is in contact with lever arm 332 

60 which actuates the plunger of microswitch 333 affixed to 
the frame of the card handling equipment, by suitable 
means not shown. 

Thus, during a normal carriage opening operation of 
the accounting machine, as previously described, paper 

65 guide housing 292, in reaching the position shown in FIG. 
18, rocks member 329 in a counter-clockwise direction, 
as viewed. When deflected counter-clockwise, member 
329 releases the plunger of switch 333 to thereby permit 
energization of the paper guide motor (PGM, FIG. 14) 

•jQ and thus initiates counter-clockwise rotation of cams 301 

to complete the latching operation as previously described. 

Additional commutator type of control means have 

been provided to effect selective de-energization of the 

paper guide motor upon com.pletion of the latching opera- 

75 tion. With additional reference to FIG. 14, such control 
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means consist essentially of a flat C-shaped electrically 
non-conductive support member 334 concentrically dis- 
posed about hollow shaft 317 and supported by side-plate 
234 by means of posts 335 interposed therebetween and 
respectively connected thereto by suitable means, not C 
shown. Affixed to the inside face of member 334 are 
four circumferentially disposed flexible metallic brushes 
336, N, E, and 339 which are adapted to engage tlie face 
surface of commutator 340 concentrically disposed about, 
and affixed to hollow shaft 317. As shown in FIGS. 28A lo 
and 28B, the face of commutctor 340 consists of a layer 
of electrically non-conductive material designated 341 hav- 
ing embedded therein a C-shaped electrically-conductive 
commutator bar 342. 

When paper guide 282 — 292 is in the position as shown ig 
in FIO. 18 and compression rolls 296 are adjacent to, but 
not latched against, card drive platen 241, brushes 339 
and E are electrically connected together by commutator 
bar 342, as shown in FIG. 28B. However, when paper 
guide motor PGM is energized, cam 301 (FIG. 19) is 20 
rotated counter-clockwise to complete the latching oper- 
ation as previously described. When the latching opera- 
tion is completed, communator 340, thence commutator 
bar 342, will have been rotated counter-clockwise to the 
position as shown in FIG. 28A, and, as a result, brushes 25 
N and 336 are electrically connected together by com- 
mutator bar 342 to effect de-energization of the paper 
guide motor in a manner to be more fully described here- 
inafter. With reference to FIG. 14, solenoid actuated 
reversing relays, designated by the reference characters 30 
(PGR) and (CDR), are each mounted on bracket 342 
affixed to lower end-bracket 237, and are respectively 
utilized to control the directions of rotation of paper 
guide motor (PGM) and card drive motor (CDM), as 
will later be described. 35 

As previously mentioned, in the mechanization of rec- 
ord keeping and accounting procedures, it is desirable to 
utilize a ledger card having historical, current, and fixed 
data recorded thereon in both machine readable and hu- 
man readable languages. V/ith reference to FIG. I08A, 40 
there is illustrated a machine-readable ledger card 305 
which is adapted to be utilized in accordance with the pres- 
ent invention. Accordingly, ledger card 305 is provided 
with a vertical strip of ferromagnetic material 306 coated 
along the left margin of the face surface thereof, the mag- 45 
netic strip being effectively divided into ithree magnet- 
ically isolated vertical channels which are each adapted 
for selective recording of information therein. 

With reference to FIG. 19, a magnetic read-write as- 
sembly, indicated generally as 343, is supported by bracket 50 
344 affixed to left side-plate 233 of the card handling 
mechanism and is so positioned that the magnetic strip on 
each ledger card passes over the top thereof each time 
a card is fed into or out of the accounting machine car- 
riage. A metallic leaf spring 345 is interposed between 55 
paper guide 2«2 and the top of read-write assembly 343 
in such a manner that each ledger card is guided there- 
under, and, consequently, the magnetic strip on each 
ledger card is, at all times, lightly pressed against the top 
face of assembly 343 to insure consistent magnetic re- 60 
cording and reproduction characteristics, and for other 
well-known reasons. 

As shown in FIG. 36, magnetic read-write assembly 
343 comprises three encapsulated read-write heads 346, 
347, and 34S, which are equally-spaced from and disposed 05 
parallel with respect to one another. As shown in FIG. 
33, each magnetic head comprises two substantially flat 
and generally C-shaped ferromagnetic pole pieces 349 
and 350 having their lower legs abutting and their upper 
legs separated by a uniform air gap of approximately 70 
.005 inch. Each leg is respectively encompassed by one 
of a pair of serially-connected and inductively-aiding coils 
351 and 352, each wound with approximately 600 turns 
of suitably electrically-insulated wire. The junction of 
coUs 351 and 352 is connected to output terminal 353, '75 



whereas the remaining ends thereof are respectively con- 
nected to output terminals 354 and 355. 

Tlie air-gaps of magnetic read-write heads 346-348 
are lengthwise aligned with the other, are properly posi- 
tioned as shown in FIG. 19 so as to be contiguously dis- 
posed with respect to the magnetic strip of the ledger card 
passing thereover, and are lengthwise oriented substan- 
tially perpendicular with respect to the travel of the mag- 
netic strip to effect longitudinal magnetic recording there- 
on. 

In order to insure that the ledger card is properly 
aligned and fed into the card handling equipment by the 
operator, various photoelectric sensing means are incor- 
porated into the control circuitry thereof. With refer- 
ence to FIG. 22, a substantially rectangular-shaped ledger 
card guide assembly, indicated generally as 360, is affixed 
to the topmost surface of table 232, by suitable bolts 361 
threaded therein, and extends substantially along the left- 
most side thereof. As shown more clearly in the cross- 
sectional view of FIG. 23, guide assembly 360 comprises 
a pair of flat and rectangular-shaped plate sections 362 
and 363, one mounted on top of the other, and a pair of 
flat and rectangular-shaped half-plate sections 364 and 
365 disposed side-by-side whh respect to one another and 
on the miderneath side of plate 363; the thickness of plate 
365 is less than the thickness of plate 364 by an amount 
equal to at least the thickness of a ledger card for reasons 
to become more apparent hereinafter. With reference 
to FIG. 29, plates 362 and 363 have suitable bores formed 
therein which form enclosures for housing photocells 
(PCAl) and (PCA2) whose sensitive areas are oriented 
downwardly and are properly positioned so as to respec- 
tively receive radiant energy from light sources 366 and 
367, the radiant energy first passing through slots 368 and 
369 formed in table 232. 

In operation, photocells (PCAl) and (PCA2) normal- 
ly respectively receive radiant energy from, and are there- 
by energized by light sources 366 and 367. However, 
when the operator of the computer desires to effect proper 
insertion of a ledger card in the carriage of the account- 
ing machine, in a manner previously described, the ledger 
card is first placed on the table of the card handling equip- 
ment, face down and bottom first as shown in FIG. 22. 
The ledger card then is inserted in the slot formed be- 
tween the lowermost side of plate 365 and the topmost 
side of table 232, as shown by the dotted line in FIG. 23, 
until the leftmost vertical edge of the ledger card is ori- 
ented flush against the front face of plate 364. At this 
time, the radiant energy as seen by each of photocells 
(PCAl) and (PCAl), is cut-off, and, consequently, both 
of the photocells are thereby de-energized. Photocells 
(PCAl) and (PCA2) are connected in an electrical con- 
trol circuit in such a manner, as will later be described, 
that when they are both de-energized, paper guide motor 
(PGM FIO. 14) is permitted to thereafter be de-ener- 
gized. 

Additional photoelectric means is utilized to initiate 
energization of the paper-guide motor when the leading 
or bottom edge of the ledger card has been placed in a 
certain prescribed position with respect to card-drive 
platen 241 after certain other prescribed conditions, not 
yet described, have been met. As shown in FIG. 22, a 
groove 370 is circumferentially formed in platen 241 and 
in this groove is mounted an inverted and substantially 
V-shaped acrylic and transparent plastic rod having inde- 
pendent and disconnected leg portions 371 and 372, as 
shown in FIG. 17. A light source 373 is mounted on 
bracket 236 and is disposed at the lowermost end of leg 
portion 371, whereas, a photoelectric cell (PCS) is also 
mounted on bracket 236 with the light-sensitive area 
thereof disposed adjacent the lowermost end of leg por- 
tion 372. 

Photoelectric cell (PCB) is normally de-energized, 
however, when the leading edge portion of the ledger card 
is positioned by the operator on top of the card-drive 
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platen 241 adjacent the upper junction of leg portions 371 
and 372, radiant energy from light source 373 is first 
projected upwardly tlirough ijg portion 371 and out of the 
uppermost end thereof. Tiiereafter, the radiant energy 
is reflected downwardly by the leading edge portion of the 
ledger card through leg portion 372, and, consequently, 
impinges the active area of, and thus energizes photocell 
(PCB). When photocell (PCB) is energized, assuming 
the before-mentioned prescribed conditions are met, paper 
guide motor (PGM) is energized and thereby rotates 
latching cams 301 (FIG. 19) in a counter-clockwise direc- 
tion, as previously described, to latch upper compression 
rolls 296 against card drive platen 241 with the leading 
edge of the ledger card fixedly secured therebetween. 

After the lapse of a time delay of approximately one- 
quarter of a second following energization of paper guide 
motor (PGM), card drive motor CDM (FIG. 14) is 
thereafter energized and thereby rotates the card drive 
platen to automatically feed the ledger card into the ac- 
counting machine carriage in such a manner that the 
magnetic strip thereof is passed over read-wrile heads 
346-34S (FIG. 19), thereby effectively establishing three 
information channels in the magnetic strip which are dis- 
posed parallel with respect to one another and extend 
substantially the entire length of the left margin of the 
ledger card. 

Photoelectric means are also utilized to selectively ener- 
gize suitable electronic amplifiers associated with each 
of magnetic pick-up heads 346-348 at a predetermined 
time substantially coincidental with the first passage of 
the leading edge of the ledger card over the read-write 
assembly. Accordingly, leg portion 371 is provided with 
a branch leg portion 374 through which radiant energy 
from light source 373 is directed. A slot 375 is formed 
in paper guide 303 and a photoelectric cell, designated 
(PCC), is mounted at the side of, and in substantially 
parallel alignment with respect to branch portion 374, 
the light-sensitive area thereof being oriented substan- 
tially co-planar with the uppermost end of leg portion 374. 

In operation, photocell (PCC) is normally de-energized. 
However, when the leading edge of the ledger card is 
adjacent slot 375 in paper guide 303, the radiant energy 
from light source 373 is first directed upwardly 
through leg portion 374 and out of the uppermost end 
thereof through slot 375. Thereafter, the radiant energy 
is reflected by the leading edge portion of the ledger card 
and thereby projected downwardly and onto the sensi- 
tive area of photocell (PCC) to effect the desired energi- 
zation of the amplifiers associated with pick-up leads 
346-348. 

Photocell (PCB) is also utilized to detect the dme at 
which the ledger card has been driven to a predetermined 
position in the card handling equipment and to initiate, 
at that time, reversal of the card-drive motor to effect 
ejection of the ledger card or to effect positioning of the 
card in the accounting machine carriage, depending upon 
the "instructions" previously given to the computer as 
will later be seen. For these purposes, as seen in FIG. 
22, ledger card 305 is provided with a dark area or "re- 
versal spot" 376 which is located in the top margin thereof 
in alignment with photocell (PCB). Consequently, when 
reversal spot 376 is adjacent the junction of arms 371 
and 372, radiant energy from light source 373 is absorbed 
by the dark area thereof and photocell (PCB) is thus de- 
energized to initiate the desired reversal of the card-drive 
motor. 

8. Electromechanical Control Means 

As will fully be described hereinafter, various control 
meaps are utilized by the computer to allow automatic 
insertion of a ledger card into the accounting machine 
carriage only when the carriage is resting approximately 
two inches from its maximum right-hand position, as 
shown in FIGURE 1; this position will be referred to 
hereinafter as the "home" position of the carriage. As 



it is necessary that the accounting machine carriage re- 
main in homo position during operation of the card han- 
dling equipment, locking means are utilized to selectively 
lock and unlock the carriage while in home position. 

5 With reference to FIG. 29, an L-shaped bracket 380 
is welded or otherwise secured to back side-plate 235 and 
pivotally supports cam 381 at the lowermost end thereof 
by means of pin connection 382. Connecting rod 383 is 
slidably mounted in a bore formed in bracket 380 and 

10 plate 235, and is pivotally connected at one end thereof 
to the upper leftmost portion of cam 381 by means of 
pin connection 384. Spring 385, disposed about rod 383, 
is interposed between collar 386 affixed to rod 383 and 
bracket 380, thus spring-biasing rod 383 to the left as 

15 viewed. The remaining end of rod 383 is pivotally con- 
nected to the lowermost end of latch 387 by means of pin 
connection 388, the uppermost end of cam 387 being 
pivotally connected to bracket 389 by means of pin con- 
nection 390. Bracket 389 is fixedly secured to plate 391 

20 which, in turn, is fixedly secured to plate 236 by means 
of screws 392 threaded therein. Fastened to bracket 391 
by means of nuts 393, is an electrically-actuated rotary 
type solenoid (CHP) which is substantially identical in 
construction as the solenoid designated L46 which was 

25 previously described with respect to FIG. 9. A cylin- 
drical-shaped plunger housing 395 is fixedly secured to 
bracket 391 by means of screws 396 threaded in the side 
of housing 395. As shown more clearly in FIG. 30, slid- 
ably mounted in the bore formed in housing 395 is a 

30 rod-shaped plunger 397 which is spring-biased upwardly, 
as viewed, by means of spring 398 disposed thereabout 
land interposed between the shoulder formed on the upper 
end thereof and the bottom of the bore formed in housing 
395. Threaded on the end of plunger 397 is a truncated 

35 conical member 399 which is normally engaged by pro- 
jection 400 formed on the lowermost end of latch 387. 

Thus, when the accounting machine carriage is in home 
position and a carriage opening operation is initiated by 
counter-clockwise rotation of bail 284, as previously de- 

40 scribed, cam 381 is engaged by bail 284 and is rocked 
clockwise thereby. Clockwise rotation of cam 381 shifts 
connecting-rod 383 laterally to the right and thereby dis- 
engages latch projection 400 from member 399, and thus 
permits spring 398 to deflect plunger 397 upwardly into 

4:3 engagement with the teeth formed on the lowermost side 
of carriage rack rail 267, thereby locking the accounting 
machine carriage in home position. When it is desired 
to selectively unlock the machine carriage, solenoid 
(CHP) is selectively energized and consequently an ofl- 

50 set pin 404, carried by the rotary armature thereof, 
engages member 399 and deflects plunger 397 downward- 
ly to a point where it is again latched by latch projection 
400. After solenoid (CHP) is de-energized, plunger 397 
remains latched in its downwardly deflected position, if 

55 bail 284 has previously been restored to the position 
shown in FIG. 29, until another carriage opening opera- 
tion is initiated. 

As previously mentioned with respect to FIG. 2, upper, 
middle and lower motor-bars 23, 27 and 28, respectively, 

60 are enclosed by cover 35 and are thereby rendered non- 
accessible to the operator of the machine. With refer- 
ence to FIG. 38 there is shown a side-elevational view 
of the motor-bars along with a portion of the cycle-ini- 
tiating mechanism associated therewith. FIG. 38 essen- 

85 tially corresponds to FIG. 119 of the before referred-to 
Patent 2,626,749, and, as a full and complete description 
of each of the various motor-bar mechanisms is available 
therein, a further detailed description thereof is not 
deemed essential for a full and complete understanding 

70 and appreciation of the present invention. 

However, in accordance with the present invention, 
key stems 401 thru 403 of motor-bars 23, 27, and 28, 
respectively, are respectively operated by the rotary arma- 
ture of electrically-actuated solenoids (MB0), (MBl), 

75 and (MB2) by means of linkages 407 thru 409, respec- 
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lively connected therebetween and extending through suit- 
able openings in base 65 of the accounting macliine. 
Solenoids (MB0), (MBI), and (MB2) are each aflixed 
to bracket 410 which is bolted to the underneath side of 
base 65 and are essentially of identical construction as 
the previously described rotary-type solenoid (L46) shown 
in FIG. 9. Thus, it is evident that by selectively ener- 
gizing one of the motor-bar solenoids for a predetermined 
time, the corresponding motor-bar is automatically de- 
pressed for a corresponding predetermined time and there- 
by initiates either a "touch" or a "hold" operation which, 
in turn, selects a predetermined cycle of operation of the 
accounting machine, as previously described. 

With reference to FIG. 35, a pair of rotary-type elec- 
trically-actuated solenoids (OHl) and (0H2), substan- 
tially of identical construction as those previously de- 
scribed, are each mounted on one of brackets 417 and 
418 by means of nuts 419 and 420, respectively; brackets 
417 and 418, in turn, are secured to suitable flanges, 
depending from the underneath side of frame 52, by 
means of screws 421 and 422, respectively threaded there- 
in. As shown more clearly in FIGS. 32 and 34, the 
rotatabls armatures of solenoids (OHl) and (0H2) are 
individually provided with a projecting leg 424 and 423, 
respectively, which as shown in FIG. 35, are adapted to 
respectively engage the tails of the eighth and the eleventh 
ones of order-hooks 76, counting from right to left. As 
previously described, the eighth and eleventh order-books, 
respectively control the operation of the eighth and the 
eleventh ones of type sectors 67 which respectively print 
the sixth and ninth-order digits of the amount row, with 
each digit printed being followed by a comma. 

Tlius, by selective energization of solenoid (OHl), the 
armature thereof is rotated counter-clockwise, as viewed 
in FIG. 32, to unlatch all order-hooks, from the third to 
and including the eighth one, from their respective type- 
sectors. Likewise, by selective energization of solenoid 
(0H2), the armature thereof is rotated counter-clockwise, 
as viewed in FIG. 34, to unlatch all order-hooks, from the 
third to and including the eleventh one, from their respec- 
tive type-sectors. 

As previously described in connection with FIGS. 16 
and 17, during a carriage opening operation, square shaft 
283 is normally rocked counter-clockwise by arm 285 
and thus effects the disengagement of lowermost com- 
pression rolls 28-8 from the accounting machine platen 71. 
However, for reasons to become more apparent herein- 
after, means have been provided for selectively prevent- 
ing the lower compression rolls from being disengaged 
from the platen. As shown in FIG. 16, a rotary-type 
electrically-actuated solenoid (X), of substantially iden- 
tical construction as those previously described, is mount- 
ed on an L-shaped bracket 426 by means of nuts 427, 
bracket 426, in turn, being fixedly secured to back side- 
plate 235 by means of screws 428 threaded in bracket 
426. An S-shaped bracket 429 is fixedly secured to back 
side-plate 235 by means of screws 430 threaded in the 
foot of bracket 429. As shown in FIG. 15, bracket 429 
slidably supports a rectangular-shaped slide 431 by means 
of studs 432 extending through elongated slots form.ed in 
slide 431 and affixed to bracket 429. Slide 431 is nor- 
mally spring-biased to the right, as viewed, by means of 
spring 438 connected between pin 433 carried by slide 
431 and block 434 welded or otherwise secured to plate 
435 of the machine frame. 

When slide 431 is in its normal position, as shown in 
FIG. 15, a projection on the uppermost side of the right- 
most end thereof is directly underneath a projection 
formed on arm 285, as further shown in FIG. 16. Con- 
sequently, counter-clockwise rotation of arm 285 is there- 
by prevented and thus the lower compression rolls are 
maintained in engagement with platen 71. However, 
when solenoid (X) is selectively energized, pin 436, car- 
ried by the rotatable armature thereof, engages flange 
437 formed on the lowermost side of the left end of slide 



431 opposite arm 285, as viewed in FIG. 15, and thus 
deflects slide 431 to the left and thereby removes the 
obstruction from beneath arm 285 to permit the arm to 
be rocked counter-clockwise when desired. When solen- 
g oid (X) is de-energized, spring 438 urges slide 431 back 
toward its home position as shown. 

In the just-described accounting machine, it is possible 
to take a true negative total from any one of the totalizers 
numbered "one" through "nine" inclusive, due to the in- 

IQ corporation therein of an overdraft control mechanism. 
By the use of this mechanism, the machine is caused to 
automatically operate through two cycles of operation. 
On the first machine cycle, the negative amotmt, which at 
this time is in a complementary form, is taken from the 

15 selected totalizer and is subtracted from the cleared X-to- 
talizer, thereby causing the true negative total to be set 
up on the wheels of the latter totalizer. During the sec- 
ond machine cycle, the total is taken from the X-totalizer 
and the selected totalizer is "non-added," thereby causing 

20 the absolute value of the negative total or credit balance 
to be printed-out. Hence, at the end of the overdraft 
operation, the selected totalizer is cleared, as is also the 
X-totalizer, and the absolute value of the credit balance 
is printed on the record material. If desired, a sub-total 

25 of the negative amount may be taken instead of the total, 
thereby leaving the selected totalizer in the same condi- 
tion at the end of the overdraft operation, as it was at 
the beginning. 

Therefore, when it is desired to take a total or a sub- 

30 total from one of the totalizers and overdraft indicators 
34 (FIG. 2) visually indicate that the number held by 
the particular totalizer is a negative amount, in addition 
to depressing the proper totalizer-selecting key and the 
credit balance key, the total key pertaining to the partic- 

35 ular totalizer involved must also be depressed. If a sub- 
total operation is desired, the sub-total key must be 
depressed in addition to the previously-mentioned keys, 
so as to cause the negative amount to be placed back into 
the totalizer. Thereafter, the proper motor-bar is de- 

40 pressed so as to put the machine through a two-cycle 
credit balance operation and thus cause the absolute value 
of the negative amount to be printed-out. 

With reference to FIG. 37, there is shov/n a fragmen- 
tary view of a portion of the overdraft control mechanism 

45 linkage which is fully shown in FIG. 22 of the aforemen- 
tioned Patent 2,626,749. However, due to the fact that 
the overdraft control mechanism is fully shown and de- 
scribed in the aforementioned patent, it is believed that 
but a brief description thereof is necessary to herein be 

50 presented in order to make readily apparent the signifi- 
cance of the modifications thereof made in accordance 
with the present invention. 

As shown, the lower end of overdraft pitman 442 ex- 
tends through an opening formed in base 65 of the ac- 

55 counting machine and is pivotally connected to bell-crank 
lever 443, the bell-crank lever being rotatably mounted 
on rod 444 which is secured to the under side of base 65 
by suitable means not shown. The remaining arm of 
bell-crank 443 is providled with a stud 445 which coop- 

60 erates with a slot formed in the upper edge of overdraft 
trip-arm 446, trip arm 446 being rotatably supported on 
overdraft cam shaft 447 v/hich is journaled in brackets 
448 secured to the bottom side of base 65. Trip arm 
446 has a notch formed on the end thereof which is 

65 normally urged by spring 449 into engagement with stud 
450 carried by the lower end of lever 451. Lever 451 
is pivotally mounted on rod 444 and has rotatably pinned 
to the lowermost end thereof, roll 452 which is urged 
by spring 449 toward the periphery of a plate cam, not 

70 shown, which, in turn, is secured to overdraft cam shaft 
447. 

Consequently, as the credit balance key ("CR. BAL." — 
FIG. 2) is operatively connected to the uppermost end 
of pitman 442, manual depression of the credit balance 

75 key causes pitman 442 to be depressed at the beginning 
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of the cycle of operation of the machine. When pitman 
442 is depressed, bell-crank 443 is rocked clockwise, 
thereby causing stud 445 to rock overdraft trip-arm 446 
counter-clockwise and thus release lever 451 to the ur- 
gency of spring 449. Due to the action of spring 449, 
lever 451 is rocked clockwise to engage roll 452 with 
the periphery of a plate cam, mentioned above, to effect 
the carrying-out of the remainder of the cycle of opera- 
tion, as fully described in the aforementioned Patent 
2,626,749. Near the end of the second cycle of opera- 
tion, a high point on the plate cam effects re-engagement 
of stud 450 with the notch formed on the end of over- 
draft trip-arm 446, thus completing the cycle of operation. 

In accordance with the present invention, means are 
provided for automatically effecting selective depression 
of overdraft pitman 442 to automatically initiate the pre- 
viously-described overdraft cycle of operation. Such 
means includes a rotary-type electrically-actuated sole- 
noid (CBS) which is essentially of identical construction 
as those previously described. Solenoid (CBS) is mount- 
ed on bracket 454 by moans of nuts 455, bracket 454 
being fixedly secured to the under side of base 65. The 
rotatable armature of solenoid (CBS) is provided with 
an extension 456 which engages roller 457 pinned to the 
end of bell-crank 443. Consequently, each time sole- 
noid (CBS) is energized, bell-crank 443 is rocked clock- 
wise and thus initiates a credit balance cycle of operation, 
thereby automatically effecting a print-out of negative 
numbers under the electronic control of the computer, as 
will be more fully described hereinafter. 

With reference to FIG. 38, when the carriage throat 
shaft 458 is rotated counter-clockwise, as viewed, control 
plate 459, fixedly secured to shaft 458, is also rocked 
counter-clockwise, thereby tripping a carriage throat 
clutch mechanism, not shown, thus causing the throat 
mechanism to be operated by a power shaft, all in a man- 
ner fully described in the referred-to Patent 2,626,749. 

In accordance with the present invention, a rotary- 
type electrically-actuated solenoid (Y), essentially of 
identical construction as those previously described, is 
fixedly secured to bracket 461 by suitable means, not 
shown. Bracket 461 is fixedly secured to bracket 462 by 
means of screws 463 threaded therein, bracket 462, in 
turn, being fastened to the under side of base 65 by 
means of screv/s 464 threaded therein. The rotatable 
armature of solenoid (Y) is effectively connected to con- 
trol plate 459 by means of linkage 465 connected there- 
between. Consequently each time solenoid (Y) is ener- 
gized, plate 459 is rocked counter-clockwise, as before. 
As a result, the carriage throat clutch is tripped thereby, 
as mentioned before, and the opening and closing of 
the carriage of the accounting machine is automatically 
effected solely under control of the computer. 

In order to initiate a total-taking operation as previ- 
ously described, it is necessary that the zero stop pawls 
46 (FIG. 3 A) be rocked counter-clockwise to release 
the differential actuators 49 and permit rearward move- 
ment thereof. During the rearward movement of the 
actuators, selected ones of the totalizers are rotated in 
a reverse direction until sloped by suitable "add" tripping 
pawls, not shown, to thereby position the differential 
actuators 49 and the printing sectors 67 in accordance 
with the amount indicated by the rotatable positions of 
the totalizer wheels. In order to initiate an addition or 
subtraction operation, the zero stop pawls 46 are re- 
moved by depression of the amount keys, as previously 
described. In total-taking operations, however, no 
amount keys are depressed, and thus it is necessary to 
utilize other means for releasing the actuators from the 
zero stop pawls. 

With reference to the fragmentary view of FIG. 40, 
which is fully illustrated in FIG. 36 of the previously 
mentioned Patent No. 2,626,749 and fully described there- 
in, means are provided for moving the key release slide 
470 at the outset of the machine cycle, thereby causing 
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the stud 471, affixed to the upper end thereof, to deflect 
the plate 472 clockwise, as viewed. The plate 472 is 
fixedly secured to the shaft 473, as is the plate 474, which 
supports a stud 475 on the opposite end thereof. There- 
5 fore, when the plate 472 is deflected clockwise, the plate 

474 is likewise deflected clockwise, thereby causing the 
stud 475 to act against the uppermost surface of the cam 
476, which is provided on each of the control slides 44, 
thereby moving the slides toward the rear of the machine 

10 and thus releasing the zero stop pawls 46, as described 
in connection with FIG. 3A. At the same time, the studs 

475 cooperate with suitable cam projections, not shown, 
which arc provided on the latching slides in the amount 
key banks, so as to release any amount keys which may 

15 have accidentally been depressed prior to the initiation 
of the total-taking cycle of operation. Consequently, the 
square studs 41 on the lowermost end of the key stems 
are withdrawn and thus arc prevented from coacting with 
the shoulders 50 on the differential actuators 49, and, 

20 therefore, are not permitted to stop the actuators in posi- 
tions other than those dictated by the amounts standing 
on the totalizer wheels. 

The actuation of the key release slide 470 near the 
beginning of the machine cycle, rather than near the 

25 end thereof, is accomplished by means of a key release 
latch 477, pivotally mounted on a stud 478, which is 
carried by the rear end of the slide 470. The rear end 
of the latch 477 is formed into a hook 479, which en- 
gages a stud 480, mounted in a depending arm of a lever 

30 481, which, in turn, is pivotally mounted between the 
side frames of the machine. The lever 481 is operatively 
connected to a roller, not shown, which engages a cam 
mounted on the main cam shaft of the machine. Hence, 
v.'hen the main cam shaft is rotated in one direction, the 

35 latch 477 is deflected to the left, as viewed, by the stud 
480, and thus the key release slide 470 is operated for 
the beforementioned purpose. 

In order to prevent the just-described early key release 
from occurring during an addition or subtraction opera- 

40 tion, the selecting slides for the various totalizers are each 
provided with suitable abutments, not shown, which over- 
lie the bail 484 when the slides are located in their total- 
taking positions. As partially illustrated and as shown 
more clealry in FIG. 39, the bail 484 is secured at its 

45 ends to a shaft 485 journaled at either end in the side 
walls of a bracket 486. Although not shown, the shaft 
485 is operatively connected to be rocked clockwise, as 
viewed in FIG. 40, by the main cam shaft of the machine. 
Consequently, a stud 487, mounted in an arm 488, which 

SO is pinned to the right-hand end of the shaft 485, deflects 
the key release latch 477 counter-clockwise, thereby un- 
coupling the hook 479 from the stud 480 and thus pre- 
venting early release of the amount keys. However, if 
any of the totalizer control slides is located with its abut- 

65 ment positioned above the bail 484, clockwise rotation 

of the shaft 485 is prevented, and the key release latch 

477 remains coupled to the stud 480, so as to bring about 

an early release of the amount keys. 

With reference to FIG. 39, in accordance with the 

fiO present invention, means are provided for automatically 
bringing about an early release of the amount keys by 
the provision of an electrically-actuated solenoid (RRS) 
secured to a bracket 490 by means of screws 491 threaded 
in the frame thereof, the bracket 490, in turn, being fix- 
Go edly secured to the bracket 486 by means of screws 492 
threaded therein. A substantially Z-shaped armature 

493 of the solenoid (RRS) is pivotally mounted on a pin 

494 in such a manner that, each time the solenoid (RRS) 
is energized, the rightmost leg of the armature 493, as 

70 viewed, is moved upwardly to present an obstruction to 
the bail 484. Consequently, clockwise rotation of the 
bail 484 is prevented, even thorugh there are no totalizer 
control slides which are located with their abutments posi- 
tioned above the bail 484, as previously described. 

75 As will be described more fully hereinafter, there are 
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certain "instructions" wliich arc utilized and canied out 
by the computer and which effect a different cycle of op- 
eration of the accounting machine portion theiecf. For 
proper control of the accounting machine portion, how- 
ever, it is necessary that means be provided to "senrx" 
the states or conditions of the various portions of the 
machine either before, during, or after a cycle of opera- 
tion thereof. Such means include a plurality of switches 
located at various appropriate places within the machine 
and will, at this time, briefiy be described only as to their 
location and function, together with their manner of actu- 
ation. The following to-be-described switches, alo.ig with 
the just-described electrical components such as the photo- 
cells, solenoids, etc., will hereinafter again be described in 
connection with their actual incorporation into the elec- 
trical control circuitry of the computer. 

For example, neglecting for the moment the tape- 
punching mechanism, there are three switches which are 
utilized in a logically "ANDED" combination to indicate 
by their closure when depression of a particular motor 
bar will cause a cycle of operation of the accoiinting ma- 
chine. With reference to FIG. 3d, a bell crank or "able 
arm" 497 is pivoted about a stud 4?3 and, in a nian.ner 
fully described in the cforemenfioncd Patent No. 
2,626,749, is operatively connected to the various niccha- 
nisms of the motor bars 23, 27, and 23 in such a v/ay that, 
when deflected in a clockwise direction, as viewed, all 
motor bars are disabled and thus rendered ineffective. 
The able arm 497 is deflected clocIvv.'i:;e when a key on the 
accounting machine keyboard is pariially depressed, when 
the carriage is off a stop and the "non-select" key is not 
depressed, when the carriage is returning, wlien the elec- 
trical pov/er to the accounting machir.e driving means is 
turned off by the ON-OFF switch, wlien the machine is in 
a cycle of operation, or when a motor br,v is depressed. 
In order to detect the condition of the able arm 497, a 
sv.'itch 496 is fixedly secured to the side frame of the ma- 
chine by suitable means, not shown, and is adapted to 
have its movable arm 49-9 actuated by linkage 500, which 
is connected to the upper end of the able arm. Normally, 
the contacts of the switch 496 are closed; however, v/hcn 
the able arm 497 is deflected clockwise for reasons previ- 
ously mentioned, the contacts of the switch 496 arc 
opened, thereby indicating that the motor bars are dis- 
abled. 

In order to enable the accounting machine to perform 
its record-keeping functions, the traveling paper carriage 
is adaptable to be tabulated from one columnar position 
to another columnar position, while traveling in either a 
forward or a reverse direction, so as to enable amounts 
to be printed in the proper column of the record-keeping 
form. The tabulation control mechanism utilized is ex- 
tremely flexible in character and is selectively controlled 
either from special keys on the keyboard, from the motor 
bars, or from the stops of the traveling paper carriage 
itself. 

Consequently, as the able arm does not disable the 
motor bars during a carriage tabulation cycle, it is there- 
fore possible to manually hold the carriage over a carriage 
stop, even though the carriage is attempting to tabulate, 
and thereafter depress a motor bar, thereby initiating a 
imachine cycle. Therefore, to prevent the electrical con- 
trols for the computer from initiating a depression of a 
particular motor bar while the carriage is tabulating over 
a carriage stop, a switch, shown in FIG. 43 as SIO, is 
utilized to sense a carriage tabulation cycle. As shown, 
the forward tabulation lever 501 is rotalably and slidably 
supported by means of an elongated slot formed therein 
cooperating with a frame stud 502 secured to an angle bar 
503. The lever 50-1 is normally urged to the right, as 
viewed, by means of a spring 504 and is further urged 
in a clockwise direction about the stud 502 by means of a 
spring 505. The action of the springs 594 and 505 is 
resisted by a square stud 506, which lies beneath the right- 
hand end of the lever SOI and is secured to the rear face 



of the carriage support plate 503. The stud 506 coop- 
crates with a shoulder 507 formed on the lever 501 and 
thereby prevents the lever 501 from being moved either 
to the right or to be rotated under the influence of the 
g springs 504 and SOS. 

In operation, when tabulation is initiated depressed, 
among other things not pertinent hereto, the lever 501 is 
first lifted off the stud 506 and is thereafter moved to the 
right by the spring 584 and rocked clockwise by the 

10 spring 505, to free the carriage for movement and to ef- 
fect completion of the tabulation cycle. Upon comple- 
tion of the cairiage tabulation cycle, the lever 501 is 
restored to tlie position shown. 

To sense a tabulation cycle, an extension 508 is piv- 

15 otally connected at one end to the end of the lever £01 
and is rotalably and slightly mounted by means of an 
elongated slot formed therein cooperating with a stud 509 
mounted in the support plate 503. A sv.'itch 510 is 
mounted on the support plate S03 in such a manner that 

20 the contacts thereof are opened by extension 508 due to 
the clockwise movement of the lever 501, thus indicating 
that the carriage is operating in a tabulating cycle. 

As previously mentioned in connection with F!G. 38, 
all previously-mentioned conditions being met, the contacts 

25 of the switch 496 arc closed by the able arm 497 after 
the machine has progressed through approximately 
seventy-five percent of its cycle of operation. Conse- 
quently, another sv^itch is utilized to indicate when the 
machine cycle has been sufTiciently completed to the ex- 

30 lent that depression of a motor bar will cause another cycle 
of operation. With reference to FIG. 41, there is shown 
a slide 513, which controls the reverse tabulation m.ccha- 
nism of t'le accounting machine and may therefore be re- 
ferred to as the "reverse t'lbulation" slide which initiates 

35 the return of the carriage. The slide SI3 is provided with 
elongated slots by rncans of which it is slidably mounted 
on suitable studs, not shown, which, in turn, are mounted 
on an auxiliary frame plate of the machine. The slide 
513 is resiliently urged toward the front of the machine, 

40 cr to the left, as viewed, by means of a spring 514, but 
is normally retained in its rcarv/ard position, against the 
urgency of the spring 514, by means of a rod 515, secured 
to the upper end of a lever 5'6. The lever 516 is piv- 
otally mounted on a stud 517, which is secured to the 

■^^ auxiliary frame plate, and its lower end is pivotally con- 
nected to the forward end of a link £18. The rear end 
of the link 513 is pivotally connected to the upper end of 
a follower arm 519, which is rotatably mounted on a 
shaft 520 and is provided with rolls 521 and 522, which 

^^ respectively cooperate whh a pair of companion cam 
plates 523 and 524, secured to the main cam shaft 525 
of the accounting machine. 

Hence, during each cycle of operation of the account- 
ing machine, the cam shaft 525 is rotated clockwise, as 

^^ indicated by the arrow, and thereby deflects the follower 
arm 519 clockwise to the poshion indicated by the dash- 
dot line. Consequently the link 518 is shifted to the right, 
and the lever 516 is deflected counter-clockwise thereby 
and thus moves the rod 515 to the front of the machine. 

'"5 Consequently, the slide 513 is permitted to be moved for- 
wardly under the influence of the spring 514 and to be 
differentially positioned under the control of the motor 
bars. The lever 516 also carries an aligner bar S26, which 
is adapted to engage aligner notches 527 formed on the 

65 lowermost edge of the slide 513, so as to align the slide 
firmly in the position which it has assumed while being 
sensed by a feeling mechanism, which, again, is fully 
shown and described in Patent No. 2,626,749. Upon com- 
pletion of the cycle of operation, the follower arm 519 is 

(0 deflected counter-clockwise to again engage the rod 515 
with the slide 513, as shown. 

In order to sense whether the machine is in home posi- 
tion ready for another cycle of operation or whether the 
machine, at the moment, is in the process of carrying out 

"i^ a cycle of operation, the switch 528 is utilized and is fixed- 
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ly secured to a bracket 529 by means of nuts 530. The 
bracket 529, in turn, is iixedly secured to a bracket 531 
by means of screws 532 irireaded therein, bracket 531 
being secured to the base 65 of the machine by suitable 
means, not shown. As shov^n more cleaily in FIG. 42, 
the link 518 is provided with a stud 533, which is adapted 
to engage a roller 534, rotatably carried by the actuator 
of the switch 528. Consequently, when the macliine is in 
home position, as shown in FIG. 41, the stud 533 is in en- 
gagement with the roller 534, and the contacts of the 
switch 528 are thereby closed, indicating that the raaciiine 
is ready to start another cycle of operation. However, 
■when the machine starts to initiate another cycle of opera- 
tion, the pressure exerted by the stud 533 on the roller 534 
is relieved, and the contacts of the switch 523 are opened 
thereby. 

The three just-described switches 496, 510, and 528 do 
not detect when a motor bar is disabled due to one of the 
item counters being off home position, or when one of 
the manual counter control keys is partially depressed. 
Consequently, even though the collective closure of the 
three switches 496, 510, and 528 indicates that a motor 
bar is permitted to be depressed by the computer, yet the 
motor bar may still be disabled mechanically. In fact, if 
a motor bar were to be depressed at this particular time, 
it is possible that the electronic control portion of the 
computer would receive an indication that the accounting 
machine portion thereof had started into a cycle of opera- 
tion, whereas, in actuality, the machine did not even start 
to cycle. 

To avoid the necessity of many additional switches to 
detect why the accounting machine portiori of the com- 
puter did not cycle, a single switch is utilized to detect 
when the machine did not cycle, regardless of the reasons 
why it did not cycle. Consequently, if the accounting 
machine portion does not cycle, for some reason or an- 
other, after the electronic portion of the computer has 
effected depression of a motor bar, the electronic portion 
"senses" the fact that the machine did not cycle and there- 
after continually effects periodic depression of the motor 
bar until the machine finally cycles. 

With reference to FIG. 26, a flat plate 537 is secured to 
a shaft 538, which is journaled in the side frames, not 
shown, of the electric typewriter portion of the accounting 
machine. Also secured to the shaft 538 is an arm 539, 
which is operatively connected to the accounting machine 
mechanism in such a manner that, each time the account- 
ing machine starts into a cycle of operation, the arm 539 
is rocked counter-clockwise, as viewed, and thereby posi- 
tioned as indicated by the dot-dash line. However, when 
the lever 539 is rocked counter-clockwise, the plate 537 
is thereby moved into blocking position between the type- 
writer keys to prevent a typewriter key from being de- 
pressed while the machine is carrying out a cycle of oper- 
ation. Upon completion of a cycle of operation, the lever 
539 resumes its position, as shown. 

Thus, in order to sense whether a cycle of operation is 
being carried out, a switch 540 is fixedly secured to the 
base 65 by means of screws 541 threaded therein, and is 
positioned so that a roller 542, carried by the actuator 
thereof, is engaged by the lever 539 when the lever is in 
a raised position and the contacts of the switch 540 are 
operated thereby. As will be more fully described herein- 
after, the contacts of the switch 540 are operated in the 
range of 50 to 2O0 milliseconds after a motor bar sole- 
noid has been energized if the machine has started into a 
cycle of operation. Upon energization of a motor bar 
solenoid, the corresponding motor bar is depressed there- 
by, as previously described. After a time lapse of ap- 
proximately 250 milliseconds after the motor bar solenoid 
is energized, the condition of the switch 540 is sampled. 
If the contacts of the switch 540 are not found to be 
operated, the motor bar solenoid is de-energized and there- 
by allows the depressed motor bar to resume its norma! 
position. When the motor bar has resumed its normal 



position, such that re -depression thereof may cause a 
machine cycle, the corresponding motor bar solenoid is 
allowed to be re-energized to again repeat the sequence 
of operations. 

5 As previously described with respect to FIG. 17, squrrc 
shaft 283 is rocked counter-clockwise, as viewed, to effect 
the disengagement of lower compression rollers 288 and 
platen 71. With reference to FIG. 19, arm 542 is fixedly 
secured to the underneath side of shaft 283 by means of 

10 screws 543 threaded therein and engages actuating lever 
S44 of switch 545 which is li.xedly sccui-ed to bracket 546 
by means of screws S47 threaded therein, bracket 546 be- 
ing fixedly secured to bracket 236 by means of screws 543 
threaded therein. When square shaft 283 is rocked 

15 counter-clockwise, its contacts are operated, thus indicat- 
ing that lower compression rolls 288 (FIG. 17) are out of 
engagement with platen 71. 

With reference to FTG. 41, switch 550 is fixedly secured 
to bracket 551 by means of screws 552 threaded therein. 

20 Bracket 551 is fixedly secured to bracket 553 by means of 
screws 554 threaded therein, whereas bracket 553 is fixed- 
ly secured to the base 65 of the machine by means o£ 
screws 555 threaded therein. Switch 550 is positioned so 
that the contacts thereof are effectively operated by fol- 

2.5 lower arm 519 during the time that the follower arm is 
rocked clockwise into engagement with the actuator 556 
thereof, as shown by the dot-dash line, thus indicating that 
the accounting machine is in the process of carrying out 
a cycle of operation such that a'igner bar 72 is in engage- 

30 ment the notches formed on the lower end of arm 58 
(FIG. 3A), as previously described. 

Also shown in FIG. 41 is a portion of the linkage uti- 
lized by the accounting machine carriage opening and 
closing mechanism, which is fully shown and described 

.3.> in connection with FIG. 1 39 of the before-referred-to Pat- 
ent No. 2,626,749. Even tiiough not fully shown in FIG. 
41, lever 557 is pivotally mounted on stud 553 and has its 
leftmost end operatively connected to carriage open key 
"CARR. OPEN" (FIG. 2) in such a manner that depres- 

40 sion thereof causes lever 557 to be rocked counter-clock- 
wise. 

In accordance with the present invention, switch 559 is 
fixedly secured to bracket 553 by means of screws 560 
threaded therein and has its roller-type actuator 561 in 

45 engagement wilh the rightmost end of lever 557. Conse- 
quently, when lever 557 is rocked counter-clockwise, the 
contacts of switch 559 are actuated thereby, thus indicat- 
ing that the operator desires the carriage to be opened. 
With reference to FIG. 44A, there is shown a frag- 

50 mentary view of the particular mechanism controlled by 
stops on the traveling paper carriage for selecting the to- 
talizers for addition, subtraction, or total-taking opera- 
tion, the mechanism being fully shown and described with 
respect to FIG. 56 of the before-referred-to Patent No. 

55 2,626,749. Briefly, however, stem 564 of totalizer re- 
verse key "REV" also shown in FIG. 2, carries a stud 
565, which cooperates with the bifurcated end of lever 
Si6. Lever 565, in turn, is pivotally mounted on stud 
567 secured to partition plate 568 and has a depending 

CO arm, v/hich cooperates with a stud 569, mounted in an 
arm 570, which, in tiirn, is loosely journaled on a shaft 
571. Thus, when the reverse key "REV" is depressed, 
arm 570 is rocked counter-clockwise, as viewed, and 
tlioreby effects reversal of the add and subtract selection 

05 mechanism of the tolalizers from the carriage slops, as 
fully described in the above-referred-to patent. 

In accordance with the present invention, switch 572 is 
fixedly secured to bracket 573 by means of screws 574, 
bracket 573 being fixedly secured to partition plate 568 

70 by means of screws 575 threaded therein. Switch 572 is 
properly positioned in sucii a way that its roller-type ac- 
tuator 576 is deflected by stud 569 and thus operates 
the contacts thereof each time the reverse key "REV" is 
depressed. 

75 In addition, a rectangularly-shaped slot 562 is formed 
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in the partition plate 568 and is properly oriented to have 
sHdably disposed therein a square stud 563 projecting 
from the lowermost end of key stem 564. An elongated 
arm 577 has one end thereof pivotally supported by a 
screw 578 threaded in the partition plate 568 and has sup- 
ported on its opposite end a pair of studs 585, which are 
disposed above and below the square stud carried by the 
key stem 564. Also supported on the opposite end of the 
arm 577 is an electrically non-conductive stud 586, which 
is adapted to engage the movable ai-m 587 of a switch 
mechanism, indicated generally as SC46, which, in turn, 
is supported by the plate 568 by suitable means, not 
shown. 

Therefore, each time the reverse key "REV" is de- 
pressed, the square stud on the lowermost end of the stem 
thereof deflects the arm 577 clockwise, as viewed, and, 
consequently, the movable contacts of the switch SC46 
are actuated by stud 586. When the reverse key is re- 
leased and allowed to assume the position shown, the 
movable contacts of switch SC46 are likewise allowed to 
assume their normal positions, as shown. 

With reference to FIGS. 24 and 25, there is shown a 
partial plan view of the rear rack 276 and the driving 
gear means 277, which were previously described in con- 
nection with FIG. 17, for effecting linear translation of 
the accounting machine carriage. However, in order to 
sense the home position of the accounting machine car- 
riage, a switch 579 is fixedly secured to the plate 240 by 
screv/s 580 and, as more clearly shown in FIG. 25, is so 
positioned that its roller-type actuator 531 is adapted to 
be engaged by a stud 582, depending from the lower side 
of the rack 276, each time the carriage is in home posi- 
tion. Consequently, the normally-opened contacts of the 
switch 579 are closed as long as the carriage is in home 
position and are opened as soon as the carriage leaves 
home position. 

With reference to FIG. 27, manually-operable means 
are provided to selectively lock the typewriter carriage- 
return keys, numbered (1) through (3). Such means 
comprises essentially a substantially flat plate 533, which 
is normally spring-urged to a position under the key stems, 
as shown, to prevent depression thereof. However, when 
lever 584 is moved forward, or to the right as viewed, its 
tail end cams the plate 583 outwardly to permit selective 
depression of the keys. 

9. Building Blocks Generally 

Before going into a detailed description of the indi- 
vidual units making up the electrical circuitry of the com- 
puter shown by the block diagram thereof in FIG. 45, 
there will now be described the building blocks with 
which these individual units and interconnections there- 
between are constructed. A building block is herein de- 
fined as a structure which is basic to the operation of the 
individual units of the computing system, and is used 
repeatedly in the system for amplification, logic, or other 
control purposes. By establishing a set of building blocks 
and understanding the rules for their interconnection, 
such a complex computing system as that heretofore gen- 
erally described is more readily understood. The build- 
ing blocks that are of particular importance are inverters, 
amplifiers, triggers, and logical circuits such as "ANDS" 
and "ORS," etc. 

10. Inverter Building Blocks 

The building block to be first described is the inverter, 
which, as the name implies, effects an inversion of the 
signal applied to the input thereof. In a transistor cir- 
cuit, the grounder-emitter amplifier is capable of perform- 
ing such an operation. Thus, in order for the inverter 
to perform such a task, it must produce an output signal 
that is "up" when the input signal is "down," or, stated 
another way, it must produce a signal indicative of binary 
"one" upon the application of a signal to its input indica- 
tive of binary "zero"; conversely, it must produce a bi- 



nary "zero" signal upon the application of a binary "one" 
to its input. However, throughout the follov/ing descrip- 
tion of the electrical circuitry of the instant computer, for 
the purposes of clarity, when the output signal is "up" — 

5 i.e., substantially at or above ground potential — it will be 
referred to as being "TRUE," indicative of a binary 
"one." However, when the output signal is "down" — i.e., 
below ground potential at a potential of approximately 
— 6 volts, it will be referred to as being "FALSE," indica- 

jg five of a binary "zero." 

With reference to FIG. 45A, there is shown a simple 
grounded-emitier type inverter comprising transistor 650 
having its bass connected to input terminal 6.51 and its 
collector connected to output terminal 652. The symbol 

jg for this type of inverter is the notation "H" enclosed by 
a circle, as shown at the bottom of the block. When a 
negative potential is applied to the base of transistor 650 
via input terminal 651, base current flows outwardly from 
the base thereof toward input term.ina! 651. If the col- 

20 lector electrode of transistor 650 is connected to a nega- 
tive potential via output terminal 652, emitter current 
flows from the emitter to the collector of transistor 650. 
Assuming a sufficient flow of base current, the resistance 
between the collector and the emitter becomes a very low 

25 value, and, as a result, output terminal 652 is essentially 
at ground potential, indicative of a TRUE signal. When 
either ground or a positive potential is applied to the base 
of transistor 650, the resistance between the collector and 
fhc emitter, and the resistance lictwecn the base and the 

30 emitter, are all of a substanlially high value. Conse- 
quently, the values of both the base and collector currents 
go essentially to zero, and iho voltage at output terminal 
652 is thereafter negative. 

Inverter 12 shown in FIG. 46B is substantially the same 

3,5 as inverter II of FIG. 46A, with the exception that the 
emitter electrode of transistor 650 is now relumed to ter- 
minal 663 instead of ground potential. Inverter 13 of 
FIG. 4CC is essentially the same as inverter II but is 
additionally provided with a clamping diode 653, con- 

40 nected between the collector of transistor 6S0 and bias 
terminal 654, to "clamp" the collector to the negative 
operating potential at bias terminal 654. Inverter 14 is 
essentially the same as II but, additionally, has a drop- 
ping resistor 659 in its output circuit. Inverter IS is essen- 

45 tially the same as II but is additionally provided with a 
dropping resistor 6S5 connected between the collector of 
transistor 650 and bias terminal 656. 16 is substantially 
the same as II, with dropping resistor 660 in its input 
circuit. 19 is substantially the same as 16 but further in- 

50 eludes resistor 661, connected between the base of tran- 
sistor 650 and bias terminal 662, to insure that the transis- 
tor remains non-conductive when so rendered. Inverters 
17, 18, liO, and 112 through 116 are substantially the same 
as II, except that they are additionally provided with 

55 various combinations of bias dropping resistors 655, 657, 
653, and 661, clamping diodes 653, and input dropping 
resistor 660. Ill is substantially the same as 15, with 
dropping resistor 664 connected between the emitter of 
transistor 650 and ground potential. Inverter 117 is sub- 

CO stantially the same as 17, except for the addition of input 
coupling condenser 667 and base resistor 668. The pur- 
pose of condenser 667 is to provide a large surge current 
in order to overdrive the transistor momentarily, to de- 
crease the rise time of the output signal and thus increase 

C5 switching speed. 118 through 123 and 125 utilize various 
combinations of the dropping resistors, clamping diodes, 
and coupling condensers previously described. In 124, 
diode 671 keeps the base of transistor 650 substantially 
at ground potential until the potential at terminal 651 be- 

70 comes negative to render the transistor conductive. In 

126, bypass conductor 665, connected between collector 
and ground of the transistor, provides a short circuit to 
eliminate or attenuate undesirable high frequencies. In 

127, condenser 672 and resistor 670, each connected be- 
75 tween collector and base of transistor 650, provide an in- 
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verse feedback to limit the gain of the stage at high fre- 
quencies. In 128, condenser 666 and resistor 664 pro- 
vide a suitable negative feedback voltage proportional to 
emitter current to limit the gain of the inverter stage, and 
also provide a degree of temperature compensation g 
thereof; resistors 655, 658, 668, and 670 provide the neces- 
sary operating bias potentials thereto; condensers 665, 
672, and 680 function as filter condensers which remove 
unwanted extraneous signals; and condenser 667 func- 
tions as a coupling condenser which a-c couples input lo 
terminal 651 to the base of transistor 650. Inverter 129 
is essentially a conventional emitter-input grounded-base 
amplifier with a series dropping resistor 678 in its base 
circuit. 

11. Emitter-Follower Building Blocks 15 

The next building block to be described is the emitter 
follower, which gets its name from its vacuum.-tube coun- 
terpart, the cathode follower. The emitter follower type 
of amplifier provides power gain, has no phase inversion ^ 
at low frequencies, has a slight attenuation of the input 
potential signal, and has a slight change in the d-c level 
of the signal from input to output. With reference to 
FIG. 47B, there are shown various types of emitter fol- 
lower circuit configurations, each having a symbol which 
comprises the designation "E" normally followed by a 
numeral and both designations encompassed by a circle, 
as shown at the bottom of each sub-section (fi) through 
(k) of FIG. 47B. 

As shown in sub-section (a), emitter-follower El com- 
prises a transistor 650 having its emitter returned to 
ground or reference potential through resistor 664. The 
collector is connected to bias terminal 656 to normally 
receive a suitable negative d-c operating potential there- 
from. Input terminal 651 is connected to the base, and 
output terminal 652 is connected to the emitter, of the 
transistor. 

In operation, if the input signal and consequently the 
base of the transistor are TRUE — i.e., at ground poten- 
tial — the transistor 650 is rendered substantially non- 
conductive, and the output at terminal 652 is therefore 
substantially at ground potential, or TRUE. However, 
when the input signal is FALSE — i.e., at a potential of 
—6 volts— the transistor is rendered conductive, and the 
potential at output terminal 652 is substantially equal to 
the negative potential on the base. Thus, when the input 
is TRUE, the output is TRUE, and, when the input is 
FALSE, the output is FALSE. Emitter follower E2 in 
sub-section (6) is essentially the same as El, with the ex- 
ception that the lower end of resistor 664 is returned to 
bias terminal 663 instead of ground potential. In E3, 
output terminal 652 is connected to the emitter of transis- 
tor 650 through series dropping resistor 664. E4 is sub- 
stantially the same as E2 but for the addition of resistor 
673 between output terminal 652 and the emitter of the 
transistor. E5 is essentially the same as E3, with the addi- 55 
tion of resistor 661 connected between the base of the 
transistor and bias terminal 662. E6 is substantially the 
same as E2 but for the addition of bias dropping resistor 
655. E7 is substantially the same as E4, except tliat, in 
this instance, resistor 673 is now paralleled with bypass 60 
condenser 666. Emitter followers E8 through ElO and 
El utilize various combinations of dropping and bias re- 
sistors and coupling and bypass condensers, as previously 
described. El, however, functions somev/hat as both an 
inverter and an emitter follower in that an inverted output 05 
appears at output terminal 674, while simultaneously an 
output potential appears at terminal 652 which is of the 
same polarity or phase as the input signal. 

For the sake of simplicity and brevity, the preceding 
building blocks were discussed but briefly. However, for 70 
a more detailed and comprehensive description thereof, 
reference is made to the "Handbook of Semiconductor 
Electronics," by L. P. Hunter, published by McGraw-Hill 
Book Company, Inc., wherein many similar circuit con- 
figurations are found. 
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12. Logical OR Building Blocks 

Performing logical operations is a well-known funda- 
mental to the operation of a computer. The most basic 
logical operations are those of "AND" and "OR." Even 
though many of the logical operations performed in digi- 
tal computers are concerned with arithmetic operations 
such as addition, subtraction, division, and multiplication, 
herein many of the logical operations are assembled into 
decision-making and information-routing circuits. In 
order to perform such logical operations, it is generally 
necessary to utilize nonlinear circuit elements, such as 
diodes and transistors and the like. 

With reference to sub-sections (a) through (g) of 
FIG. 47A, there are shown various logical "OR" circuit 
configurations. In (a), there is illustrated a logical "OR" 
building block of type Dl comprising a plurality of diodes 
679, each having its cathode connected to the other. A 
"pull-down" resistor 690 is connected to the junction of 
the diodes 679 and to bias terminal 689, which normally 
has a negative d-c operating potential applied thereto. 
A plurality of input terminals, in this instance shown as 
675 through 678, are individually connected to the anode 
of a different one of diodes 679, and output terminal 688 
is connected to the junction of the diodes. 

In operation, if the input signal to any one or more of 
terminals 675 through 678 is "TRUE," or at a positive 
potential, the corresponding diode in each instance is con- 
ductive, its internal impedance is reduced substantially to 
zero, and consequently the potential appearing at output 
terminal 688 is substantially equal to the input potential. 
However, if the input signals to all of input terminals 675 
through 678 are each at a negative potential, the output 
signal at terminal 638 goes negative via the negative po- 
tential at terminal 689 and resistor 690. However, the 
negative potential at terminal 688 is not permitted to go 
more negative than the least negative potential at one of 
input terminals 675 through 678. Thus, it is evident that 
the output of a logical "OR" circuit is "TRUE" (or posi- 
tive) if any of the input signals to terminals 675, 676, 677, 
or 678 is "TRUE" (or positive); the output is effectively 
"FALSE" only when all of the inputs are "FALSE." The 
symbol used herein for a logical "OR" is a semicircle 
designation having the representative input lines extend- 
ing through the half-circle and terminating at the circum- 
ference thereof, as illustrated at the bottom of each of 
sub-sections (a) through (g). 

Logical "OR" of type D2, shown in (6) of FIG. 47 A, 
is substantially the same as type Dl, but for the addition 
of dropping resistor 691 connected between the junction 
of didoes 679 and resistor 690. In (c), a type C logical 
"OR" comprises a plurality of condensers 683, each con- 
nected to the other and connected to output terminal 688. 
A plurality of input terminals, illustratively shown as 675 
through 678, are each connected to the remaining end of 
one of the condensers 683. In a type CR logical "OR," 
the condenser 683 and the resistor 687 are each connected 
to output terminal 688, input terminals 675 and 676 being 
individually connected to the remaining end of the con- 
denser and the resistor. Type CRD logical element is 
similar to type CR except for the addition of diode 679 
connected between resistor 687 and output terminal 688. 
Type R "OR" comprises but a single resistor 691 con- 
nected between input terminal 675 and output terminal 
688, and type RDl "OR" comprises a series-connected 
resistor 691 and diode 679, connected between input ter- 
minal 675 and output terminal 688. 

13. Logical "AND" Building Blocks 

With references to FIG. 48A, there is illustrated a logi- 
cal "AND" building block of type Dl which comprises a 
plurality of diodes 679, each having their anodes con- 
nected together and connected to output terminal 688. A 
plurality of input terminals, illustratively shown as 675 
through 678, are each individually connected to the cath- 
ode of a different one of diodes 679. A "pull-up" re- 
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sistor 690 is connected to the junction of diodes 679 and 
to bias terminal 689, which is normally supplied with a 
suitable positive d-c operating potential having a magni- 
tude, in most instances, of 6 volts. 

In operation, when the input signal to each of the 
input terminals 675 is "TRUE"— i.e., at zero or ground 
potential — the output signal at terminal 688 goes sub- 
stantially to ground potential via the positive potential 
at bias terminal 689 and resistor 690. However, W any 
one or more of the input signals goes "FALSE" (—6 
volts), the corresponding diode is conductive, and, con- 
sequently, the output signal at terminal 688 is substan- 
tially at —6 volts ("FALSE"). Therefore, it is seen 
that in a logical "AND" circuit, as just described, the 
output signal remains "FALSE" as long as any one 
or more of the input signals are "FALSE"; the output 
signal goes "TRUE" only when all of the input signals 
go "TRUE" and at no other time. 

Type D2 "AND" circuit shown in (6) is essentially 
the same as the Dl type except for the addition of drop- 
ping resistor 691 connected between the anodes of the 
diodes 679 and the output terminal 688. The D3 type 
shown in (c) is substantially the same as the D2 type 
but for the addition of bypass condenser 695 connected 
in parallel with the dropping resistor 691. In the D4 
type of logical "AND" circuitry shown in (rf), pull-up 
resistor 690 has been omitted and replaced with a circuit 
comprising transistor 700, having its base connected to 
the junction of the diodes 679. The collector of the tran- 
sistor 700 is connected to bias terminal 689, having a 
negative d-c operating potential of approximately 6 volts 
applied thereto. The emitter of transistor 700 is con- 
nected to output terminal 688 and is also connected to 
one end of resistor 701, the opposite end of resistor 701 
being connected to bias terminal 702 having a positive 
d-c operating potential of approximately 6 volts applied 
thereto. By the use of such an emitter follower type 
amplifier essentially as a pull-up resistor, a power gain 
of the output signal results, the input and output signals 
thereto being at all times of the same polarity as previous- 
ly described with respect to the emitter follower type 
building blocks. 

The D5 type "AND" circuit shown in (e) is substan- 
tially the same as the Dl type except for the addition 
of bias resistor 692, connected between input terminal 
675 and bias terminal 693, which has applied thereto 
a negative d-c operating potential. The DR. type "AND" 
shown in (/) is somewhat different, in that resistor 696 
now constitutes the pull-up resistor even though it is 
connected to one of the input terminals such as 675. In 
operation, if the input signal to either or both of input 
terminals 675 and 676 is "FALSE" (—6 volts), the signal 
at output terminal 688 is likewise "FALSE." However, 
if the input signal to both of the input terminals is 
"TRUE" (ground potential), the signal at output terminal 
688 is likewise "TRUE," as in the logical "AND" circuits 
just described. 

In (g) there is shown a resistor type of logical "AND" 
circuitry Rl which comprises a plurality of resistors 696, 
each connected to output terminal 688 and having the 
remaining end thereof individually connected to one of 
a plurality of input terminals, illustratively shown as 675 
through 678. A pull-up resistor 690 is connected at one 
end to the junction of resistors 696 and is connected at 
its remaining end to bias terminal 689, which has applied 
thereto a positive d-c operating potential. This partic- 
ular type of "AND" circuitry, however, does not render 
a "TRUE" or "FALSE" output signal respectively rep- 
resented by a zero or a negative potential. In this in- 
stance, the "TRUE" or "FALSE" representation is by 
a positive or a negative output signal which is fed as 
an input signal to a suitable amplifier which re-establishes 
the proper voltage levels therefrom; i.e., zero and minus 
potentials indicative of "TRUE" and "FALSE," respec- 
tively. 



The operation of the device is as follows: The various 
resistor values are properly chosen so that, when all of 
the input signals to terminals 675 through 678 are 
"TRUE" (ground potential), the output signal at ter- 

5 minal 688 is positive by an amount proportional to the 
resistor divider network. However, should any one or 
more of the input signals be "FALSE" (negative), the 
output signal is also negative by an amount proportional 
to the resistor divider network, consequently "FALSE" 

jg also. "AND" circuit R2 shown in (h) is substantially 

the same as type Rl except for the addition of dropping 

resistor 691 connected between the junction of resistors 

696 and output terminal 688. 

In (i) there is shown a transistor type logical "AND" 

jg Tl which utilizes a pair of transistors 700 and 709. Input 
terminal 675 is connected to the base of transistor 700 
through coupling condenser 703, whereas input terminal 
676 is connected to the base of transistor 709 through 
series connected resistors 711 and 712. Bias resistor 713 

2Q is connected to the junction of resistors 711 — 712 and 
is connected to bias terminal 714, which has applied 
thereto a suitable positive d-c operating potential. The 
base of transistor 700 is returned to ground potential 
through resistor 710 and is also connected to the collector 

ng thereof through parallel-connected resistor 704 and con- 
denser 705. The emitter of transistor 700 is connected 
to the collector thereof through series-connected resistors 
707 and 708. The junction of resistors 707 — 708 is re- 
turned to a-c ground through condenser 706 and is con- 

gjj nected to bias terminal 689 through dropping resistor 
690 connected therebetween, bias terminal 689 having 
applied thereto a suitable negative d-c operating poten- 
tial. The emitter of transistor 700 is directly connected 
to the collector of transistor 709, whereas the emitter 

„g of transistor 709 is directly returned to ground potential. 
Output terminal 688 of the logical "AND" gate is directly 
connected to the collector of transistor 700. 

In operation, if the input signal at terminal 676 is suflS- 
ciently negative, transistor 709 is rendered conductive 

^Q and thus presents a very low resistance from the emitter 
of transistor 700 to ground. Consequently, transistor 
700 functions in the same manner as a conventional 
"class-A" inverter type amplifier such that a-c signals 
of the proper frequency appearing at terminal 675 appear 

^g amplified and inverted at output terminal 688. However, 
if the input signal at terminal 676 is ground, transistor 
709 is rendered non-conductive and thus appears as a 
very high resistance from the emitter of transistor 700 
to ground. Consequently, since no emitter current can 

gp flow through transistor 700, signals appearing at input 
terminal 675 are not amplified by transistor 700. Thus 
it is seen that, when mput terminal 676 is negative, a-c 
signals appearing at terminal 675 appear amplified and 
inverted at output terminal 688; when input terminal 676 

-g is ground, a-c signals appearing at terminal 675 do not 
so appear as amplified and inverted at output terminal 
688. 

In (/) there is shown a second type of transistor logi- 
cal "AND" T2, which also utilizes a pair of transistors 
700 and 709. Input terminal 675 is connected to the base 
of transistor 700 through coupling condenser 703, whereas 
input terminal 676 is connected to the base of transistor 

709 through series-connected resistor 711. The emitter 
of transistor 709 is returned through series-dropping re- 
sistor 713 to bias terminal 714 having a suitable posi- 
tive unidirectional operated potential applied thereto. 
The emitter of transistor 700 is returned to ground po- 
tential through a parallel-connected resistor and con- 
denser network 664 and 666, whereas the base of tran- 

•jQ sistor 700 is returned through series-dropping resistor 

710 to bias terminal 689, which has a suitable negative 
unidirectional bias potential applied thereto. The col- 
lector of transistor 700 is connected to bias terminal 689 
through series-dropping resistor 690 and is also connected 

75 to the collector of transistor 709 with both of the col- 
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lectors of transistors 70O and 709 being connected to 
output terminal 688. 

In operation, if the input signal at terminal 676 is 
"TRUE," transistor 709 is rendered non-conductive and 
appears as a very high resistance from output terminal 
688 to ground. Transistor 700 normally is conductively- 
biased near saturation in such a manner that output ter- 
minal 688 is near ground potential. Thus, when positive- 
going pulses appear at input terminal 675, they appear 
amplified and inverted at output terminal 638. How- 
ever, if input terminal 676 is "FALSE," transistor 709 
is rendered conductive, and its collector current flows 
through resistor 690 to bias terminal 689. This collector 
current is of sufficient magnitude that, even though no 
collector current were present in transistor 700, the po- 
tential at output terminal 688 is substantially ground. 
Thus, when positive-going signals appear at terminal 675, 
the resulting change in collector current of transistor 
700 produces essentially no appreciable change of po- 
tential of output terminal 688. Therefore, when input 
terminal 676 is 'TRUE," positive-going pulses at input 
terminal 675 appear as amplified and inverted at out- 
put terminal 688; however, when input terminal 676 is 
"FALSE," output terminal 688 remains essentially at 
ground potential, even though input positive-going sig- 
nals appear at terminal 675. 

14. Flipflop and Multivibrator Building Blocks 

The "flipflop" building block is normally composed of 
two inverters, as shown in FIG. 49, which are connected 
in cascade with the input of each one being connected 
to the output of the other. As shown in section (a) of 
FIG. 49, flipflop of the Fl type consists of two grounded 
emitter transistors 722 and 723 having input terminals 
717 and 718 respectively connected to the base electrode, 
and output terminals 719 and 720 respectively con- 
nected to the collector electrode of transistors 722 and 
723. The base of transistor 723 is connected to the 
collector of transistor 722 through parallel connected re- 
sistor 734 and condenser 735, whereas the base of tran- 
sistor 722 is connected to the collector of transistor 
723 through parallel connected resistor 736 and con- 
denser 737. The base of each of transistors 722 and 
723 is returned to ground potential through resistors 
729 and 728, respectively, whereas the collector thereof 
is respectively connected through dropping resistors 725 
and 727 to bias terminals 724 and 726, which have ap- 
plied thereto a suitable negative unidirectional operat- 
ing potential. 

In order to describe a mode of operation, it will first 
be assumed that transistor 722 is non-conductive and 
transistor 723 is conductive. ITius, when the input sig- 
nal to terminal 717 goes negative, transistor 722 is now 
rendered conductive, the internal impedance thereof drops 
essentially to zero, and consequently the output signal 
at terminal 719 is thereafter "TRUE" (i.e., at ground 
potential). In addition, when transistor 722 is rendered 
conductive, the base of transistor 723 is momentarily 
driven positive via coupling condenser 735, and, conse- 
quently, transistor 723 is rendered non-conductive. Tran- 
sistor 723 being non-conductive, the output signal at 
terminal 720 is "FALSE." A negative bias potential ap- 
plied from terminal 726 to the base of transistor 722 
via resistor divider network 727 — 736 — 729 insures that 
transistor 722 remains conductive when the input sig- 
nal to tenminal 717 is no longer present. Consequently, 
as terminal 719 is essentially at ground potential, very 
little base current is supplied to transistor 723 via re- 
sistor 734, and, as a result, transistor 723 remains non- 
conductive. Thus, the flipflop is now operating in one 
of its two stable states. It is to be noted at this point 
that during normal operation, a crystal diode, forming 
a part of a suitable triggering circuit, to be described 
later, is usually connected in series with each of input 
terminals 717 and 718 in such a manner that the states 
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of both of transistors 722 and 723 remain unchanged 
even though the input signals to terminals 717 and 718, 
via their respective triggering circuit diode, effectively 
changes from "FALSE" back to a "TRUE" condition, 
respectively. In other words, the only time the states 
of transistors 722 and 723 change is only when the in- 
put signal to one of the terminals 717 and 718 goes from 
"TRUE" to "FALSE." Now, when the input signal to 
terminal 718 goes negative, transistor 723 is rendered 
conductive, the output at terminal 720 is now "TRUE," 
and the base of transistor 722 is momentarily driven 
positive and thereby renders transistor 722 non-con- 
ductive. Transistor 722 being non-conductive, the out- 
put at terminal 719 is "FALSE," and a negative bias 
is applied from terminal 724 to the base of transistor 
723 via network comprising resistors 72S, 734, and 728, 
and coupling condenser 735, to insure that transistor 
723 remains conductive. As before stated, insufficient 
base current is supplied to transistor 722, and, conse- 
quently, transistor 722 remains non-conductive. Thus, 
the flipflop is now operating in the other of its two 
stable stales. 

To summarize: When the input signal at terminal 717 
momentarily goes negative, the flipflop is triggered to 
one of its two stable states, so that the output at the 
terminal 719 is TRUE (if not already TRUE) and the 
output at terminal 720 is FALSE; however, when the 
input to terminal 718 momentarily goes negative, the 
flipflop is reset to its initial state, so that the output 
at terminal 719 is now FALSE and the output at ter- 
minal 720 is now TRUE. If, for some reason, the in- 
put signals to both of terminals 717 and 718 simulta- 
neously go momentarily negative, the flipflop will change 
state regardless of the state in which it was initially. 

In order to simplify the following description of the 
computer circuitry as much as possible, input terminal 
717 will hereinafter be referred to as the "reference in- 
put," input terminal 718 the "prime input," output ter- 
minal 719 the "reference output," and output terminal 
720 the "prime output." 

In (c), flipflop of type F3 is essentially the same as 
Fl with the omission of base resistor 728, whereas, in (e), 
flopflop of type F5 is essentially the same as Fl with the 
omission of base resistor 729. In (6), (d), and (/), 
flopflops of type F2, F4, and F6 are essentially -the same 
as flipflops Fl, F3, and F5, respectively, except for the 
addition of clamping diodes 731 and 733, which are 
utilized to fix the "OFF" level of the collector voltages 
of transistors 722 and 723, respectively, as heretofore 
stated, when the transistor is non-conductive. In (g), 
flipflop of type F7 is essentially the same as flip-flop Fl 
with the omission of coupling condensers 735 and 737. 
With reference to (h), there is shown a "single-shot" 
type flipflop F8 which is somewhat of the same circuit 
configuration as Fl, except that in F8 there are omitted 
base resistors 728 and 729, resistor 736, prime input ter- 
minal 718, and reference output terminal 719. However, 
there have been added a bias resistor 739, connecting the 
base of transistor 722 with bias terminal 738, which has 
a negative unidirectional operating potential applied 
thereto, and a coupling condenser 752, coupling the base 
of transistor 722 to reference input terminal 717. 

The mode of operation of F8 is not, however, as 
straightforward as the mode of operation of the just- 
described flipflops. In F8, as a negative unidirectional 
bias potential from terminal 738 is normally maintained 
on the base of transistor 722, it is normally conductive 
and thus maintains the base of transistor 723 substan- 
tially lat ground potential via resistor 734. The base of 
transistor 723 being at ground potential, the transistor is 
therefore normally non-conductive, and, consequently, 
the prime output at terminal 720 is normally FALSE. 
However, when the reference input goes from FALSE to 
TRUE (i.e., at ground potential), the base of transistor 
722 is momentarily driven positive by condenser 752, and 
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thus transistor 722 is immediately cut off and applies a 
negative potential spike via condenser 735 to turn on 
transistor 723. When transistor 723 is rendered conduc- 
tive, the prime output at terminal 720 immediately goes 
TRUE. Since the charge on condenser 737 cannot 
change instantaneously, the base of transistor 722 is 
driven to some positive potential to maintain transistor 
722 non-conductive even though the input signal at ter- 
minal 717 is no longer present. After a predetermined 
time delay, determined primarily by the discharge rate 
of condenser 737, a negative bias potential again appears 
on the base of transistor 722 to render it conductive. 
When transistor 722 is rendered conductive, the base of 
transistor 723 is momentarily driven positive and there- 
after maintained essentially at ground potential by resis- 
tor 734 to turn off transistor 723, and thus the prime out- 
put at terminal 72ft is again FALSE. 

To summarize: The prime output is normally FALSE; 
a positive-going reference input gives an immediate TRUE 
prime output; however, after a predetermined time delay, 
the prime output changes from TRUE back to FALSE. 

In section (a) of FIG. 50, there is shown a 50-kc. multi- 
vibrator building block (MVl) which comprises two 
grounded-emitter transistors 722 and 723, each having its 
collector electrode respectively connected, through drop- 
ping resistors 725 and 727, to bias terminals 724 and 726, 
which have negative unidirectional operating potentials 
applied thereto. The collector output of transistor 722 
is connected to the base input of transistor 723 via cou- 
pling condenser 735, whereas the collector output of tran- 
sistor 723 is connected to the base input of transistor 722 
via coupling condenser 737. The base of transistors 722 
and 723 are respectively connected through dropping resis- 
tors 742 and 750 to bias terminals 741 and 74?, each 
having a negative unidirectional operating potential ap- 
plied thereto. The base of transistor 722 is connected to 
the cathode of crystal diode 748, whose anode is connected 
to the junction of resistors 744 and 746. Resistor 744 is 
connected at its opposite end to bias terminal 743, which 
has a positive unidirectional operating potential applied 
thereto, whereas resistor 746 is connected at its opposite 
end to bias terminal 745, which has a negative unidirec- 
tional operating potential applied thereto. 

The mode of operation of multivibrator (MVl) is as 
follows: When the circuit is first activated, the positive 
unidirectional operating potential at terminal 743 is the 
first to be turned on to apply a positive bias to the base 
of transistor 722. Therefore, when the negative bias 
potentials at 724, 741, and 749 are simultaneously turned 
on, transistor 722 is rendered non-conductive, the refer- 
ence output at terminal 719 is FALSE, and a negative 
potential spike is applied to the base of transistor 723 
via coupling condenser 735 to cause transistor 723 to 
be conductive. When transistor 723 is rendered conduc- 
tive, the prime output at terminal 720 is TRUE, and 
condenser 737 begins to charge to a potential substantially 
equal to the negative bias potential at terminal 741. 
Wien condenser 737 is sufficiently charged, the potential 
on the base of transistor 722 is negative to the extent 
that transistor 722 is rendered conductive, the reference 
output goes from FALSE to TRUE, transistor 723 is 
rendered non-conductive, and consequently the prime out- 
put simultaneously goes from TRUE to FALSE. When 
condenser 735 is sufficiently charged from the negative 
source at terminal 749, the base of transistor 723 is then 
negative to the extent that the transistor is rendered con- 
ductive, the prime output goes from FALSE back to 
TRUE, transistor 722 is rendered non-conductive, and 
the reference output goes from TRUE back to FALSE. 
This sequence of events is repeated at a rate deter- 
mined by the time constants in the charging and dis- 
charging paths of coupling condensers 735 and 737. In 
the instant computer, multivibrator (MVl) operates at a 
frequency of 50 kilocycles. 

In (i), multivibrator (MV2) is essentially the same 



as (MVl) except that bias resistors 744 and 746 and 
crystal diode 748 are omitted and replaced by coupling 
condensers 752 and 753 respectively connected to the 
base of transistors 722 and 723. A dropping resistor 754 
5 is connected at one end to tlie junction of condensers 
752 and 753 and is connected at the remaining end 
thereof to input terminal 751. 

Ignoring for the moment condensers 752 and 753 and 
resistor 754, the mode of operation of multivibrator 

10 (MV2) is substantially the same as that of (MVl), the 
frequency of (MV2) being determined, as before, by the 
time constants in the charging and discharging paths of 
coupling condensers 735 and 737. In the instant com- 
puter, multivibrator (MV2) operates at a frequency of 

15 400 cycles jier second. However, in order to synchronize 
the change of state of the output of (MV2) with a "clock- 
ing" network, to be described hereinafter, a "clocking" 
signal from such network is fed as the input to terminal 
751 of (MV2) and synchronization of the 400-cycle out- 

20 put of (MV2) with the "clocking" network takes place. 
Assuming that transistor 723 has just been rendered 
conductive and transistor 722 has just been rendered non- 
conductive, the base of transistor 722 is driven positive 
via condenser 737, as previously described, and condenser 

25 737 is now charging toward the negative potential at ter- 
minal 741. At the same time, a rectangularly-shaped 
clock pulse at input terminal 751 causes positive-going 
and negative-going potential spikes to be superimposed 
on the potential appearing on the base of transistor 722 

30 in such a manner that, when the potential on the base of 
transistor 722 is approaching the value sufficient to render 
transistor 722 conductive, a succeeding negative-going 
potential spike, caused by the clock pulse at terminal 751, 
is sufficient to render transistor 722 conductive. Thus, 

35 even though the time period of (MV2) is much longer 
than that of the synchronizing clock pulse, the change of 
state of (MV2) takes place at the same time the clock 
input goes from TRUE to FALSE. 

The single-shot flipflop of type F9, as shown in (c), 

40 comprises a pair of grounded emitter transistors 722 and 
723, whose collectors are individually returned to nega- 
tive bias terminals 724 and 726 through dropping resistors 
725 and 727, respectively. The base of transistor 722 is 
returned to ground potential through resistor 729 and is 

45 also connected to input terminal 717. The base of tran- 
sistor 722 is further connected to the collector of tran- 
sistor 723, whereas the base of transistor 723 is con- 
nected to the collector of transistor 722 through series- 
connected resistor 755 and condenser 735, the base of 

50 transistor 723 being further connected to a negative bias 
terminal 749. 

The mode of operation of flipflop F9 is essentially the 
same as that of the previously-described flipflop F8, and, 
consequently, a further detailed description thereof is not 

55 deemed necessary. The essential difference between F9 
and F8 is that in F9 the mode of triggering is such that 
a momentary negative-going potential at input terminal 
717 causes a change of state of the flipflop, whereas in 
flipflop F8 a momentary positive-going potential at input 

60 terminal 717 causes a change of state thereof. 

Flipflop of the FIO type, as shown in (d), is of sub- 
stantial identical circuit configuration with F9, except for 
the addition of bypass condenser 756, which bypasses to 
ground undesirable extraneous signals. Flipflops Fll 

65 through F13 are essentially the same as the previously 
described flipflops. The main difference is the addition 
of a third transistor 758, which is connected in series with 
the emitter circuit of transistor 722. In a sense, transis- 
tors 722 and 758 operate together in the form of a tran- 

70 sistor type of logical AND circuitry, in that it is neces- 
sary for both to be conductive in order for the reference 
output to be TRUE. As is evident from the previous 
description, this can happen only when the inputs to both 
of terminals 717 and 751 are simultaneously negative. 

7.5 Flipflop of type F14, shown in (/;), is essentially the 
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same as the previously described Fl type, except for the 
omission of base resistors 728 and 729. Flipflop of type 
F15 is essentially the same as flipflop of type F8, except 
that in F15 condenser 735 is removed. 

15. Miscellaneous Building Blocks 

With reference to {a) and (/>) of FIG. 51, there are 
shown two types of pulse-shaping triggering circuits TCI 
and TC2 which are utilized to provide "spike-type" trig- 
gering impulses for the various flipflops, in (c) and id) 
are simple resistor-condenser networks, and in (/) is 
shown a resistor-condenser filler and biasing circuit which 
is used in conjunction with the various push-button con- 
trols, all of which are to be further shown hereinafter. 
As the modes of operation of the various types of circuitry 
(fl) through id) and (/) are well known to those skilled 
in the art, a detailed description thereof is not deemed 
necessary for a full and complete understanding of the 
present invention. 

As previously described with respect to FTG. 7, photo- 
cell 160 is utilized in conjunction with the auxiliary timing 
rack 151 and light source 164 to provide electrical im- 
pulses which are indicative of the change of position of 
the accounting machine amount racks. In section (s) of 
FIG. 51 there is shown a photocell circuit configuration 
(PCA) utilizing photocell 160 as the controlling element 
therein. In such circuitry, the anode of photocell 160 is 
grounded, and its cathode element is connected to output 
terminal 793. The cathode of photocell 160 is also con- 
nected through dropping resistor 797 to bias terminal 796 
having a positive unidirectional operating potential ap- 
plied thereto. The anode of crystal diode 795 is con- 
nected to the junction of output terminal 793, resistor 
797, and photocell 160. Its cathode is bypassed to ground 
potential through condenser 799. The cathode of diode 
795 is also connected to input terminal 792 through drop- 
ping resistor 794, and resistor 800 is connected between 
input terminal 792 and ground potential. As will be 
seen later, input terminal 792 is adapted to be selectively 
"open-circuited" or "short-circuited"; when open-circuited, 
the resistance between terminal 792 and gi'ound is de- 
termined by the value of resistor 800, whereas, when 
short-circuited, the resistance between terminal 792 and 
ground is zero. 

The mode of operation of (PCA) is somewhat straight- 
forward. Assuming that terminal 792 is open-circuited 
and photocell 160 is non-exposed to the radiant energy 
from light source 164, the internal resistance of photocell 
160 is at a maximum value such that the output poten- 
tial at terminal 793 is at a maximum positive level. How- 
ever, when photocell 160 is exposed to the radiant energy 
from light source 164, its internal impedance is decreased 
to a low value, and, consequently, the output at terminal 
793 is decreased to a smaller value of positive potential. 
As will be seen later, the output from terminal 793 is nor- 
mally fed as an input to a previously described inverter 
type amplifier which establishes the proper TRUE and 
FALSE logic signal levels in a well-known manner. The 
value of resistor 797 is properly chosen so as to be sub- 
stantially greater than the value of resistor 794. Con- 
sequently, when input terminal 792 is short-circuited to 
ground potential, the output signal level at terminal 753 
drops essentially to zero potential whether or not photo- 
cell 160 is exposed to light source 164. 

With reference to FIG. 5]e, a second type of photocell 
circuit configuration includes a transistor 650 having its 
emitter electrode connected to output terminal 652 and 
having its collector electrode connected through dropping 
resistor 655 to bias terminal 656, which has a negative 
unidirectional operating potential applied thereto. The 
base electrode of transistor 650 is connected to the junc- 
tion of the anode of photocell 681 and bias dropping re- 
sistor 661, the opposite end of resistor 661 being con- 
nected to bias terminal 662, which has a positive unidirec- 
tional operating potential applied thereto. The cathode 



of photocell 681 is connected directly to bias terminal 
684, which has a negative unidirectional operating poten- 
tial applied thereto. 

The mode of operation of such a circuit configuration 

5 is as follows: When photocell 681 is non-exposed to ra- 
diant energy, so that its resistance is at a maximum value, 
the potential on the base of transistor 650 is at a maxi- 
mum positive value, and transistor 650 is thereby ren- 
dered non-conductive. However, when photocell 681 is 

10 exposed to radiant energy, its resistance is reduced to a 
substantially low value, so that a negative potential from 
terminal 684 is applied to the base of transistor 650 and 
thereby renders transistor 650 conductive. 

In section (h) there is shown a photocell pre-amplifier 

15 circuit configuration (PCPA) which comprises a transis- 
tor 802 having its collector electrode connected to bias 
terminal 803, which has a negative unidirectional operat- 
ing potential applied thereto. The emitter thereof is di- 
rectly connected to output terminal 801 and is also con- 

20 nected through series dropping resistor 805 to bias termi- 
nal 804, which has a positive unidirectional operating 
potential applied thereto. The base electrode of transis- 
tor 802 is connected to one electrode of photoresistive 
element 806, whose remaining electrode is bypassed to 

25 ground potential through condenser 807. The junction 
of condenser 807 and photoresistor 806 is connected to 
the junction of resistors 803 and 809, remaining end of 
resistor 809 being grounded and the remaining end of 
resistor 808 being connected to bias terminal 810, which 

30 has applied thereto a negative unidirectional operating 
potential. 

The mode of operation of photocell pre-amplifier 
(PCPA), again, is somewhat similar to the mode of oper- 
ation of (PCA), previously described. When photore- 

35 sistor 806 is exposed to radiant energy from a suitable 
light source, its internal resistance becomes a very low 
value, and, consequently, a negative potential is applied 
to the base of transistor 802, so that the output potential 
at terminal 801 is substantially that which appears on 

40 the base thereof, all in the same manner as previously 
described with respect to emitter-follower E2 shown in 
section (b) of FIG. 47B. However, when photoresistor 
806 is not exposed to radiant energy, transistor 802 is 
virtually non-conductive, and the polarity of the output 

i5 potential at terminal 801 is positive. As before stated 
with respect to photocell network (PCA), the output at 
terminal 801 appears as an input to a suitable amplifier 
which establishes the proper TRUE and FALSE logical 
signal levels. 

50 With reference to section (/) of FIG. 51, there is illus- 
trated a "peak-detector" circuit configuration PD which is 
utilized to detect the peaks of negative-going impulses, 
the reasons for which will become more apparent here- 
inafter. Such a detector comprises a grounded-emitter 

55 transistor 813, whose collector electrode is connected to 
output terminal 812 and is also connected through drop- 
ping resistor 815 to bias terminal 814, which has a nega- 
tive unidirectional operating potential applied thereto. 
The base input of transistor 813 is returned to ground 

60 potential through series-connected resistors 816 and 817, 
and is also connected to one end of a parallel-connected 
condenser and resistor network 818 — 819. The opposite 
end of the condenser-resistor network 818 — 819 is con- 
nected to the anode of crystal diode 820, whose cathode 

65 is coupled to input terminal 811 through condenser 825. 
The junction of condenser 825 and crystal diode 820 is 
connected through series-connected resistors 822 and 823 
to bias terminal 824, which has a positive unidirectional 
operating potential applied thereto. Finally, a resistor 

70 821 is connected between the junction of resistors 822 — 
823 and the junction of resistors 816 — 817. 

The relative values of the various resistor components 
are properly chosen so that a relatively sm.all-valued 
positive bias appears on the base of transistor 813 to 

75 render the transistor normally non-conductive, so that 
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the output at terminal 812 is normally FALSE (i.e., nega- 
tive). However, a positive bias of slightly greater value 
appears on the cathode of crystal diode 820 to "back- 
bias" and thereby render diode 820 non-conductive. 
Thus, when the leading slope of a negative-going impulse 
appears at input terminal 811, crystal diode 820 remains 
non-conductive until the leading slope reaches a predeter- 
mined threshold level, thereby preventing any undesir- 
able low-level noise impulses from entering the system. 
However, after the leading slope of the negative-going im- 
pulse exceeds the negative threshold leve!, diode 820 is 
rendered conductive, the incoming impulse is differen- 
tiated, and the negative-going potential "spike," derived 
from the differentiation, is applied to the base of tran- 
sistor 813 and simultaneously begins to charge condenser 
818. When the negative-going spike is applied to the 
base of transistor 813, the transistor is rendered conduc- 
tive, and the output at terminal 812 is thereafter TRUE. 
However, when the peak of the negative-going impulse 
begins to appear at terminal 811, the slope of the impulse 
is now much less than before, so that condenser 818 
begins to discharge and thereby decreases the magnitude 
of the negative bias potential on the base of transistor 
813. When the peak of the incoming impulse appears at 
terminal 811, its slope being zero, condenser 818 is now 
fully discharged, and a positive bias is applied to the base 
of transistor 813 to render the transistor non-conductive. 
As a result, the output at terminal 812 reverts from a 
"TRUE" condition back to a "FALSE" condition at a 
time coincidental with the arrival of the negative peak 
of the incoming impulse. 

During operation of the memory of the present com- 
puter, it was found that, when the ambient temperature 
of a ferromagnetic memory core is increased above nor- 
mal room temperature, less drive current is needed to 
"switch" the core from one stable state of magnetic rema- 
nence to the other. Conversely, when its operating tem- 
perature is decreased, a drive current of greater magni- 
tude is necessary. Consequently, means are provided for 
automatically increasing and decreasing the drive current 
to the memory, depending upon whether its temperature 
has respectively decreased or increased above nominal 
room temperature. 

With reference to the final building block in section 
(/■), there is shown a temperature-compensated current 
regulator (TCCR) which comprises a current control sec- 
tion 840, a regulator section 841, and a "dummy load" 
voltage section 842. The current control section 840 com- 
prises la transistor 827, whose base is connected to the 
anode of a "Zener" diode 833, the cathode of diode 833 
being returned to ground potential. The emitter of tran- 
sistor 827 is connected to terminal 867 and is also returned 
to ground potential through resistor 835. The collector 
and base electrodes of transistor 827 are respectively re- 
turned to bias terminal 832 through resistors 831 and 
834, bias terminal 832 having a suitable negative operat- 
ing potential applied thereto. Two series-connected 
thermistors 829 and 830 are connected between terminal 
868 and ground potential, whereas resistor 836 is con- 
nected between terminal 868 and the anode of "Zener" 
diode 837, the cathode of diode 837 being returned to 
ground potential. A dropping resistor 838 is connected 
between the junction of resistor-diode 836 — 837 and bias 
terminal 839, which has a suitable negative unidirectional 
operating potential applied thereto. 

Regulator section 841 comprises a transistor 828 hav- 
ing its collector electrode connected to terminal 867, the 
base electrode connected to terminal 868, and the emitter 
electrode connected to the base of transistor 844. The 
emitter of transistor 844 is returned to ground potential 
through resistor 849 and also through series-connected 
resistor 850 and potentiometer 851. The collector of 
transistor 844 is connected to output terminal 843 through 
dropping resistor 845, and is also connected through drop- 
ping resistor 846 to the anodes of parallel-connected crys- 
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tal diodes 847 and 848. Each cathode of diodes 847 
and 848 is connected to terminal 869, which is bypassed 
to ground potential by means of filter condenser 860. 

The dummy-load voltage section 842 of the current 
regulator comprises transistor 852, whose emitter is con- 
nected to terminal 869 and is also returned to ground 
potential through resistor 859, which is bypassed by con- 
denser 866. The collector of transistor 852 is connected 
through dropping resistor 857 to bias terminal 856, which 
has a suitable negative unidirectional operating potential 
applied thereto. The base of transistor 852 is connected 
to the emitter of transistor 853 and is also connected 
through dropping resistor 855 to bias terminal 854, which 
has a negative unidirectional operating potential applied 
thereto. The collector of transistor 853 is directly con- 
nected to bias terminal 865, which has a negative unidi- 
rectional operating potential applied thereto, whereas its 
base is connected to the movable arm of potentiometer 
861. One end of potentiometer 861 is returned to ground 
potential through resistor 862, and its opposite end is con- 
nected through resistor 863 to bias terminal 864, which 
has a negative unidirectional operating potential applied 
thereto. 

During operation, thermistors 829 and 830 are physical- 
ly positioned in close proximity to the memory matrix, 
and, being in such contiguous relationship with respect 
to the ferrite cores of the memory, the resistance of each 
thermistor either increases or decreases in response to a 
corresponding decrease or increase of the operating tem- 
perature of the memory cores. "Zener" diode 833 main- 
tains a regulated bias potential of approximately —6 
volts on the base of transistor 827, and, as transistor 827 
is being operated as an emitter follower type amplifier, 
a regulated collector bias potential of approximate"ly — 6 
volts is also applied to the collector of transistor 828, 
which is likewise operating as an emitter follower type 
amplifier. "Zener" diode 837 maintains a regulated bias 
potential of approximately —6 volts at the junction of 
resistors 836 and 838. Consequently, the variation of 
bias potential on the base of amplifier 828 is dependent 
solely upon the combined values of the resistances of 
thermistors 829 and 830, which, in turn, are dependent 
upon the operating temperature of the computer memory. 
Therefore, it is evident that the negative bias voltage on 
the base of transistor 844 is likewise dependent primarily 
upon the operating temperature of the computer memory. 

During operation of the computer, there are times when 
there is no information either being "stored" or being 
"read out" of memory. Consequently, there are times 
when transistor 844 is not supplying any drive current to 
the memory. Due to the fact that the "alpha cut-off" 
charaoteristic of transistor 844 is less than one megacycle, 
its switching speed is no suflScient for the desirable switch- 
ing requirements of the ferrite cores. Therefore, tran- 
sistor 844 is maintained conductive at all times, and its 
output current is switched to the ferrite cores, when 
needed, or is adsorbed by dummy load 842, as the situ- 
ation dictates. 

The two emitter follower type amplifiers 852 and 853 
of dummy load 842 function together essentially as a 
600 ma. low impedance bias supply and provides a bias 
potential of approximately — 8.5 volts at terminal 869, 
depending upon the setting of potentiometer 861, which 
adjusts the magnitude of the output voltage. Under the 
condition in which the various memory "driver" and 
"grounder" amplifiers, which are to be described in detail 
hereinafter, are non-conductive, diodes 847 and 848 are 
biased in the forward direction by the negative potential 
at terminal 869, and, consequently, the drive current, de- 
livered by transistor 844, passes through diodes 847 and 
848 and is adsorbed by the dummy load. However, 
when the memory drivers and grounders are rendered 
conductive, the collector bias voltage on transistor 844 
becomes approximately —10 volts and, consequently, is 
then more negative than the bias voltage at terminal 869. 
Therefore, diodes 847 and 848 are rendered non-conduc- 
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tive and prevent any further drive current from flowing 
therethrough. As a result, all of the drive current sup- 
plied by transistor 844 flows from terminal 843 and is 
delivered to the memory drivers and grounders. 

The emitter bias on transistor 844 is adjusted by po- 
tentiometer 851 so that a "half-select" drive current of 
approximately 170 ma. is delivered thereby at a core op- 
erating temperature of 30 degrees centigrade. However, 
due to the action of thermistors 829 and 830 as previously 
described, the base bias on transistor 844 is automatically 
adjusted so that a range of "half-select" drive currents of 
from approximately 145 ma. at a. temperature of 50 de- 
grees centigrade to approximately 210 ma. at a tempera- 
ture of 20 degrees centigrade is supplied to the memory 
cores via the driver and grounder amplifiers. Due to 
the fact that transistor 844 is operating as a Class-A 
amplifier, a constant current is supplied thereby at a given 
temperature even with changing load conditions thereon. 
Thus it is seen that transistor 844 is continually supplying 
a constant current for a given temperature, which current 
is lautomatically switched from the memory drivers and 
grounders to the dummy load, and the magnitude of 
current not varying substantially with a switching of loads. 

In the instant computer, it is necessary to utilize three 
suoh constant-current regulators: one is utilized to supply 
half-select drive current to the ferrite cores located in ad- 
dresses "A" and "B" of the memory; one is utilized to 
supply half-select drive current in the "X" direction 
through the memory cores located in each of the forty 
rows; and the other is utilized to supply half-select drive 
current in the "Y" direction through memory cores in 
addresses <i><p through 99, all of which will be described 
in detail hereinafter. However, to avoid the necessity of 
constructing three identical temperature-compensated cur- 
rent regulators, as just described, it has been found ex- 
pedient to construct but a single current regulator which 
is substantially identical to the one shown and described, 
with the exception that three identical regulator sections 
841 are utilized instead of one, and all three are con- 
nected in parallel at terminals 867, 868, and 869. Output 
terminal 843 of each of the three regulator sections is 
connected to one of lines "CRA," "CRX," and "CRY" 
shown in FIGS. 60 and 66. However, for the sake of 
simplicity of description and illustration, each of the tem- 
perature-controlled current regulators 7000, 7001, and 
7002 is illustrated ias separate units even though, in fact, 
all are part of a composite unit as just described. 

16. Magnetic Core Memory 

As previously mentioned, binary information is mag- 
netically stored in the computer in a ferrite core memory. 
The core memory consists of a multiplicity of toroidally- 
shaped cores which possess a substantially square mag- 
netic hysteresis-loop characteristic. Each core has an 
outside diameter of .080 inch and an inner diameter of 
.050 inch, and is approximately .025 inch thick. It is 
well known to those skilled in the art that, due to the fact 
that the ferrite core possesses a substantially square hys- 
teresis loop characteristic, it therefore has two stable states 
of magnetic remanence, each of which is respectively in- 
dicative of a binary "one" and a binary "zero," If a 
current-carrying conductor is threaded through the hole 
in the core, current in one direction through the conductor 
causes the core to be permanently magnetized in one di- 
rection, whereas current flow in the oppcwite direction 
through the conductor causes the core to be permanently 
magnetized in the opposite direction. Thus, a core is 
permanently magnetized in one direction or the other, de- 
pending upon the direction of current flow in the con- 
ductor threaded through the hole in the core. To sum- 
marize, when a core is magnetized in one direction, it 
represents a binary "one," and when the core is mag- 
netized in the other direction it represents a binary "zero." 
Four cores are utilized as a group to collectively represent 
a single decimal digit, although, with the use of the binary 
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form of notation, eaoli group of four cores could possibly 
represent a number from "0" to "15." However, in the 
present computer, only the numbers "0" through "9" are 
actually stored in the memory. 

In order to reverse the magnetic remanence of the core 
from a binary one to a binary zero notation, or from a 
binary zero to a binary one by reversing the direction of 
megnetization thereof, a magnetomotive force of approxi- 
mately three hundred and sixty milliampere turns is re- 
quired at 25 degrees centigrade. This is obtained by 
the equivalent of passing 360 milliamperes of current 
through a single conductor threaded through the aperture 
of the core. A magnetomotive force of one half this 
value — i.e., 180 milliampere-turns — does not appreciably 
disturb the magnetic remanence of the core. 

After a core has been magnetized in a predetermined 
direction to represent a binary "one" or a binary "zero," 
it remains in that state of magnetic remanence indefinitely. 
The magnetic remanence state of the core is reversed only 
by a "full-amplitude" current impulse passing through the 
conductor threaded through the core. However, at cer- 
tain predetermined times, it is necessary to "read" or 
determine the state of miagnetic remanence of each core. 
Therefore, an additional conductor or "sense wire" is also 
threaded through the core aperture, so that, whenever 
the magnetic state of the core is changed from a binary 
"zero" to a binary "one" representation, or from a binary 
"one" to a binary "zero" representation, a voltage impulse 
is induced in the "sense wire" indicative of the reversal 
of magnetic remanence of the core. Thus it is seen that 
an impulse is induced in the "sense wire" only when 
the magnetic state of the core is reversed. In order to 
determine whether a particular core has been previously 
magnetically conditioned to represent a binary "one" or 
a binary "zero," a full-amplitude current of approxi- 
mately 360 milliamperes is sent through the first-men- 
tioned conductor in a direction to "set" the core to a binary 
"zero" representation. However, if the core had been 
previously set to a binary "zero" representation, a voltage 
impulse is not induced in the "sense wire." However, 
if the core was previously in a binary "one" representation, 
its magnetic remanent state is reversed, and, consequently, 
a voltage impulse is induced in the "sense wire" indica- 
tive of the reversal of the magnetic state of the core. 
After the magnetic state of the core is sensed, however, 
its magnetic state is immediately thereafter indicative of 
a binary "zero" representation regardless of its initial 
state. It is therefore necessary to resore the core to its 
original magnetic state normally by sensing a full-ampli- 
tude current impulse through the first-mentioned conduc- 
tor to set the core back to a binary "one" representation 
if the core was previously in that particular state. 

The core memory, utilized by the instant computer, 
has a capacity of one hundred ten-decimal-digit numbers 
which are hereinafter termed "words." Due to the fact 
that a negative word is stored in the memory as a positive 
complement, there is no need for a binary sign bit, as is 
conventional in most computers. A word is selectively 
stored in the memory in one of a hundred different loca- 
tions which are called "addresses" land which are num- 
bered from (j><i> through 99. In addition to the one hun- 
dred normal addresses, there are two additionial addre^es 
labeled "A" and "B." The words stored in addresses ^<t> 
through 99 not only represent arithmetic data, but also 
represent "instructions" which are utilized by the com- 
puter to dictate the sequence of operations therein. The 
words previously stored in addresses <t>ij> through 99 of 
the memory may be changed by instructions given by the 
computer; however, the words located in addresses A and 
B are used by the computer to store intermediate results 
during arithmetic computations and cannot be changed 
directly by instructions. 

With reference to FIGS. 52a and 526, there is sche- 
matically shown the ferrite core memory utilized by the 
present computer. Such a memory comprises four thou- 
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sand and eighty type N-400-080 ferrite cores at present 
manufactured by the assignee of the instant application. 

The ferrite cores of the memory are selectively arranged 
in a pattern of rectangularly-shaped configuration hav- 
ing one hundred two vertical columns and forty horizontal 
rows thereof. The first one hundred columns, as viewed 
from left to right, respectively represent memory address 
locations ^<j> through 99, whereas the two remaining right- 
most columns respectively represent address locations A 
and B. In each of the columns, from the topmost to the 
bottommost core, the forty cores are arranged in a suc- 
cession of ten groups, with each group containing four 
cores. Each group of four cores is representative of a 
decimal digit of a predetermined order, whereas all of 
the groups of a particular column collectively represent 
all of the orders of a word ten decimal digits in length. 
Each of the ten successive decimal digits of the word lo- 
cated in any address is respectively identified as the "first- 
order" digit through the "tenth-order" digit, where the 
first order is the lowest or "penny" digit and the tenth 
order is the highest order digit of the number or word. 
The four cores used to store the first-order digit of a 
word which is residing in an address in the memory 
are located in the first row through the fourth row, count- 
ing from bottom to top. The four cores used to store 
the second-order digit of the word are located immedi- 
ately above in the fifth through the eighth rows; in the 
drawing, only the fifth and eighth rows are shown, rows 
six and seven being omitted for the sake of simplicity. 
The four cores used to store the third-order digit are 
located immediately above in rows nine through twelve, 
where rows nine and twelve are the only ones illustrated, 
rows ten and eleven being omitted for the reasons just 
mentioned. The location of each higher-order digit 
progresses upward, as just described, so that the tenth 
or highest-order digit is located at the top of the col- 
umn in the last four rows shown; i.e., thirty-seven through 
forty. Therefore, it is seen, the maximum storage in 
each memory address is a ten-digit number which will 
hereinafter be called a "word," the lowest-order digit 
thereof being located at the bottom of each address and 
the highest-order digit thereof being located at the top 
of each address. 

As the instant computer utilizes the well-known "8421 
binary-coded-decimal-digit" system of numerical represen- 
tation, each of the four cores in a group making up a 
particular order decimal digit of the word is known as a 
"binary-bit." The binary-bits are consecutively labeled 
(a), (b), (c), and (rf), where bit (a) is the lowest-order 
of representing a particular order numerical digit bav- 
in rows #1, #5, #9, and #37, and bit (rf) is the highest- 
order bit represented by the magnetic state of the cores 
located in rows #4, #8, #12 . . . and #40. As pre- 
viously mentioned, each group of four cores is capable 
of representating a particular order numerical digit hav- 
ing a value from "0" through "9." For example, to 
represent a decimal digit having a value of "0," all of 
the four cores in a group are selectively set to binary 
bit representations (0000); for a decimal digit having a 
value of "1," the cores are set to (0001) binary bit repre- 
sentations; a decimal digit having a value of "2," the cores 
are set to bit representations (0010); a "3" is represented 
by (0011); "4" by (0100); "5" by (0101); "6" by 
(0110); "7" by (0111); "8" by (1000); and finally, to 
represent a decimal digit having a value of "9," the cores 
are sequentially set to binary bit representations (1001). 

To illustrate, supposing that the word 0000000695 is 
stored in memory at address <j><p. In the leftmost vertical 
column, the four lowermost cores, indicated by reference 
numerals &85 through 888, are respectively conditioned to 
collectively represent binary bits (0101) indicative of the 
first-order digit "5." In other words, core 885, repre- 
sentative of binary bit "a," is set to binary "1"; core 886, 
representative of binary bit "b" is also set to binary "0"; 
core 887, representative of binary bit "c," is set to binary 



"1"; and, finally, core 888, representative of bit "i/," is 
set to binary "0" representation. Collectively, the mag- 
netic state of cores 885 through 888 represents the penny 
digit "5." The next group of four cores, located directly 
5 above group 885 through 888, are set to binary bit rep- 
resentations (1001) and collectively represent the second- 
order decimal digit "9." The next group of four cores are 
set to binary bit representations (0110), collectively rep- 
resenting the third-order decimal digit "6." All of the 

10 remaining cores in address 00 are individually set to 
binary "0" representations. Thus, with the non-significant 
decimal digits removed, the word becomes "695." 

In one mode of operation, when a column of cores is 
to be "read out" to determine the word stored in that par- 

15 ticular memory address, the cores are sequentially read, 
one at a time, starting with the core at the bottom of the 
address and concluding with a core at the top of the ad- 
dress. For example, in address 00, core 885 is read first 
to produce the binary value of bit "a" of the first-order 

20 digit; core 886 is read next to produce bit "b" of the first- 
order digit; core 887 is read next to produce bit "c"; and 
core 888 is next read to produce bit "d" of this digit. 
The next four bits, representing the second-order digit, 
are successively read out, and the remainder of the bits 

25 for successive higher-order digits are thereafter sequen- 
tially read out in the same sequence, concluding with bit 
"if' of the tenth-order decimal digit. 

After a core has been read out, it is generally desired to 
restore the core to its original magnetic state as before 

30 being read. That is, after each bit-representing core is 
read out, if the core was originally set to represent a 
binary "1," the core is returned to the "1" state following 
reading thereof. Therefore, following the reading of 
each bit, a predetermined unit of time is permitted to 

35 lapse before the next bit is read out; it is during this time 
lapse that the core, just read, is returned to the "1" state 
if it had previously been set to that state. 

For the siake of simplicity of the following descrip*- 
tion, the vertical or column orientation of the memory 

40 will hereinafter be termed the "Y" direction, and the 
horizontal or row orientation will hereinafter be termed 
the "X" direction. 

Even though, in reality, each of the memory cores 
has five conductors threaded therethrough for purposes 

45 to be more fully described hereinafter, only three of 
these conductors are to be considered at this time in de- 
scribing a mode of operation of the memory in terms 
of the electrical schematic diagram thereof shown in 
FIG. 52. The first of the three just-mentioned conduc- 

50 tors is a "sense winding" 871, which starts at terminal 
872 at the lower left corner of the memory and is alter- 
nately threaded through each row of cores bounded by 
address 00 through 99. As shown, sense winding 871 
is successively threaded from left to right through all 

55 of the cores of the first row, is threaded from right to 
left through the cores of the second row, from left to 
right through the third row, and alternately continues 
on from row to row. Finally, sense winding 871 is 
threaded from right to left through the topmost or for- 

60 tieth row of cores, and terminates at terminal 873. All 
of the cores in address 00 are threaded in the "Y" di- 
rection by common current-carrying conductor 878, 
which is shown positioned to the left within the aper- 
tures thereof. Also, all of the cores located in the first 

C5 row bounded by address 00 and address "B" are threaded 
in the "X" direction by a common current-carrying con- 
ductor 879, which is shown centrally positioned within 
the apertures thereof, address "B" being the rightmost 
one of the memory addresses. 

70 It will now be assumed that it is desired to read out 
the contents of address 00. Thus, in order to read bit 
"a" of the first-order decimal digit of the word stored 
in address 00, a half-amplitude or "half-select" current 
impulse is delivered to conductor 878, and, simultane- 

75 ously therewith, a half-select current impulse is present 
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in conductor 879. The two half-select impulses are in 
such directions that the magnetomotive forces associ- 
ated therewith are additive in the region of core 885, 
with the resultant force being of sufficient magnitude to 
magnetically saturate the core in a direction indicative of 
a binary "zero." Due to the fact that core 885 is the 
only core in the entire memory that has received the 
necessary magnetomotive force to cause a reversal of its 
magnetic state, all of the remaining cores essentially re- 
main magnetically undisturbed. It is known that when- 
ever the state of magnetic remanence of any one of the 
memory cores is reversed, a voltage impulse is induced 
thereby in sense winding 871. However, due to the fact 
that in the present memory only one core at a time is 
sensed, there is no ambiguity as to which core was re- 
sponsible for the impulse induced in the sense winding. 

Therefore, if core 885, whose magnetic state is in- 
dicative of bit "a" of the first-order digit of the num- 
ber, is storing a binary "1," its magnetic state is re- 
versed by the coincidental "X" and "Y" read impulses, 
and, consequently, a voltage impulse appears between 
terminals 872 — 873 of the sense winding 871, indicating 
that core 885 was previously storing a binary "1." If 
core 885 had previously been storing a binary "0," how- 
ever, a voltage impulse does not appear across the output 
terminals of the memory sense winding, thus indicating a 
binary "0" storage. 

After core 885 has been read, its magnetic state is 
thereafter indicative of a binary "0," as previously men- 
tioned. Thus, if the magnetic state of the core was in- 
dicative of a binary "0" before being read, there is no 
need for "resetting" the core after it is read. However, 
if the state of the core was indicative of a binary "1'^ 
before being read, it is often necessary to "reset" the 
core to a binary "1" representation after it has been read. 
To do this, the directions of both of the current impulses 
applied through the "X" and "Y" conductors are effec- 
tively reversed simultaneously. This causes a corre- 
sponding reversal of the additive magnetomotive force 
in the vicinity of the core, which reverses the magnetic 
state thereof. Again, as only a half-select current im- 
pulse is applied to each of the "X" and "Y" conductors, 
core 885 is the only core in the entire memory that is 
magnetically affected thereby. 

Now that core 885 has been read land afterwards re- 
set to its initial state, core 886 is read next to determine 
the binary value of the bit "b" of the first-order digit of 
the word. Again, a half-select current impulse is ap- 
plied in the "Y" direction to conductor 878, and, essen- 
tially, a half-select current impulse is simultaneously ap- 
plied in the "X" direction to the conductor of the second 
row corresponding to 879. As before, both half-select 
currents are in such directions to effect storage of a bi- 
nary "0" in core 896. If the state of core 886 was in- 
dicative of a "1" before being read, the current in each 
of the "X" and "Y" conductors threaded therethrough 
is reversed to reset core 886 to "1" after it is read. This 
reading and writing sequence of operation is sequential- 
ly continued from core to core until all forty cores of 
address <l)<l> have been read and thereafter restored to 
their respective magnetic states. 

The just-described combined reading and writing cycle 
of operation of each core is hereinafter called a "read- 
write" cycle. The time required to complete a read- 
write bit cycle in the instant computer is approximately 
40 microseconds. During the first 30 microseconds of 
the read- write cycle, the core is set to a binary "0" rep- 
resentation; during the remaining 10 microseconds of 
the cycle, the core is often reset to a binary "1" represen- 
tation if it was originally in that state. However, if the 
core was originally in a binary "0" state before being 
read, there is no resetting operation necessary during the 
last 10-microsecond interval. Therefore, to read out an 
entire ten-digit word from an address in memory re- 
quires a total time of 40x40, or 1,600, microseconds. 



Due to the fact that, in the present memory, it is not 
desired to reverse the current flow in a conductor, an 
additional conductor is individually threaded in the "X" 
direction through each of the rows of cores. This is 
5 illustrated by conductor 880, shown threaded through 
the cores of the first row and disposed parallel with re- 
spect to conductor 879, previously described. By the 
same token, an additional conductor is also individually 
threaded in the "Y" direction through the cores of each 

JO of memory addresses (p^ through 99, and also addresses 
"A" and "B." This conductor is illustrated by conduc- 
tor 881, shown threaded through the cores of address 
ipifi and disposed parallel with respect to conductor 878, 
previously described. Thus, two conductors are threaded 

15 in the "X" direction and two conductors are threaded 
in the "Y" direction through each of the cores of the 
memory; each of the four wires transmits current in only 
one direction, as will be shown hereinafter. The fifth 
wire through memory cores in addresses ^ip through 99 

20 is sense v/ire 871, heretofore described. A separate 
sense winding 891, which originates at terminal 892 and 
terminates at terminal 893, is alternately threaded, in 
one direction and then the other, through the forty rows 
of cores making up memory addresses "A" and "B" in 

25 the same manner as memory sense winding 871. 

Before attempting to give a more detailed description 
of the memory, it is to be appreciated that each of the 
rows of cores, from the first to the fortieth row, is con- 
nected in a same circuit configuration with respect to the 

30 others. Likewise, each of the columns of cores, from 
addresses <j)<p through 99 and including addresses "A" 
and "B," is also of the same circuit configuration with 
respect to the others. Thus, a description and full com- 
prehension of the mode of operation of address ^0 with 

35 respect to the first row of cores for producing bit "a" of 
the first-order digit of the word stored in address tfxfi 
should suffice for the remaining bits of that digit, and also 
the remaining digits of that word. As the mode of oper- 
ation of address <ptf> is exactly the same as that of the 

40 remaining memory addresses, a further description of the 
remaining addresses, again, would result only in unneces- 
sary repetition. It is also to be appreciated that, in an 
attempt to simplify the schematic representation of the 
memory as shown in FIG. 52, addresses (p^ through <p9 

45 are consecutively shown, reading from the extreme left 
to the right; addresses \<p and 19 are shown next, with 
addresses 11 through 18 being omitted, as indicated by 
the vertical "break" in the drawing between addresses l<t> 
and 19; following in sequence are addresses 20, 29, 30, 

50 39, 40, 49, 50, 59, 60, 69, 70, 79, 80 89, and 90 through 
99, and finally addresses "A" and "B"; addresses 21-28, 
31-38, 41-48, 51-58, 61-68, 71-78, and 81-88 are 
omitted. Starting from the bottom of the drawing, the 
first four rows are shown which make up the low-order 

55 digit of the word stored in memory; rows #5 and #8 are 
shown next, with rows #6 and #7 omitted as indicated 
by the horizontal "break" in the drawing between rows 
#5 and #6; following in sequence are rows #9, #12, 
#13, #16, #17, #20, #21, #24, #25, #28, #29, #32, 

60 #33, #36, and #37 through #40; rows #10-#11, #14- 
#15, #18-#19, #22-#23, #26-#27, #30-#31, and 
#34-#35 are omitted. 

With particular attention directed to the first row of 
cores, on emergence from the rightmost end of the first 

65 row of cores, conductor 880 is connected to conductor 
882, which passes below the first row and is connected at 
its opposite end to line XDa, located at the bottom left 
corner of the memory. The leftmost end of conductor 
879 also is connected to line XDn, and its opposite end is 

70 connected to the cathode of one of crystal diodes 876, its 
anode being connected to line XG0; and, finally, the re- 
maining left end of conductor 880, on emergence from 
the leftmost end of the first row of cores, is connected to 
the cathode of one of crystal diodes 877, whose anode is 

75 connected to line (XG0)'. 
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Whenever line XDa is activated, that line is effectively 
connected to a source of potential of approximately — 12 
volts. Thus, if line XG0 is simultaneously activated 
therewith, that line is effectively connected to terminal 
843 of a temperature-compensated current regulator, of 
the type previously described with respect to FIG. 51g, 
so that a half-select drive current impulse flows from line 
XG4> through diode 876 from right to left through con- 
ductor 879 and out at line XDa. However, if line 
(XG<^) ' is simultaneously activated instead of line XG^, 
line (XGi^)' is effectively connected to terminal 843 of 
the current regulator, so that a half-select current impulse 
from line (XG^)' flows through diode 877, thereafter 
flows from left to right through the upper loop of con- 
ductor 880, and is returned to line XDa by way of con- 
ductor 882. Consequently, it is seen that, when line XDa 
is activated, the half-select drive impulse flows in one of 
two directions through the cores of the first row, depend- 
ing upon whether XG^ or (XG^)' was simultaneously 
activated with line XDa. 

The electrical connections for rows #2 through #4, 
respectively representing bits "6," "c," and "d" of the 
first-order digits of the words stored in memory, are 
exactly the same as for row #1, the anodes of the four 
crystal diodes 877 each being connected to line (XG^)' 
and the anodes of the four crystal diodes 876 being con- 
nected to line XG0. When line XDb is activated, the line 
is effectively connected to a potential source of —12 
volts, as was line XDa. Thus, when line XG<^ is acti- 
vated simultaneously with XDb, the half-select current 
impulse flows from right to left through the cores of the 
second row; if (XG^)' is activated instead of XG<^, a 
half-select current impulse flows from left to right through 
the cores of the second row. By the same token, if XDc 
and XG<f> are simultaneously activated, a half-select cur- 
rent impulse flows from right to left through the third 
row of cores; a simultaneous activation of XDc and 
(XG0)' effectively causes a reversal of current flow 
through the third row of cores. Finally, XD<i and XG^, 
or XDrf and (XGi^)' operate together to effectively send 
a half-select impulse from right to left or from left to 
right, respectively, through the fourth row of cores in 
the same manner as just described. 

As just described, the first four of diodes 877 (i.e., the 
ones respectively associated with rows #1 through #4) 
have their anodes connected together and returned to 
line (XG^)'. The second group of four diodes 877, asso- 
ciated with rows #5 through #8, of which only rows #5 
and #8 are illustrated, all have their respective anodes 
connected to line (XGl)'. The anodes of the third group 
of diodes are each connected to line (XG2)', the anodes 
of the fourth group being connected to (XG3)', and so 
on up the column, with the anodes of the tenth group of 
diodes 877 being connected to line (XG9)'. Also, as 
shown, the left end of each of the conductors correspond- 
ing to 879 and 882 associated with rows #1, #5, #9, 
#13 . . . #33, and #37, which rows successively corre- 
spond to bit "a" of each successive-order decimal digit of 
the word stored in memory, are connected together and 
returned to line XDa. Likewise, although not fully illus- 
trated, the left end of each of the conductors correspond- 
ing to 879 and 882 but associated with rows #2, #6, #10, 
#14 . . . #34, and #38, which rows successively corre- 
spond to bit "b" of each successive-order decimal digit of 
the word in memory, are connected together and returned 
to line XDb. By the same token, although not fully illus- 
trated, the left end of each of the conductors correspond- 
ing to 879 and 882 but associated with rows #3, #7, #1 1, 
#15 . . . #35, and #39, which rows successively corre- 
spond to bit "c" of each successive-order decimal digit of 
the word in memory, are connected together and returned 
to line XDc. And finally, the left end of the conductors 
corresponding to 879 and 882 but associated with rows 
#4, #8, #12, #16 . . . #36, and #40, which rows suc- 
cessively correspond to bit "d" of each successive-order 
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decimal digit of the word in memory, are connected to- 
gether and returned to line XDd. 

With respect to the vertically-disposed column of diodes 
located to the right of address "B" and indicated as 876, 

5 the first bottom group of four diodes thereof associated 
with rows #1 through #4 each has its anode connected 
to line XG<^; the second group of four diodes 876 located 
directly above the first group have their anodes returned 
to common line XGl; the anodes of the third group of 

10 diodes 876 are connected to line XG2, and so on, with 
the anodes of the last four diodes 876 at the top of the 
column and associated with rows #37 through #40 being 
connected to common line XG9. 

Referring to the lowermost row of diodes 874 located 

j5 below row #1, counting from left to right, the anodes of 
the first ten of diodes 874 respectively associated with ad- 
dresses 00 through <p9 are connected to line YG^. With 
respect to the next group of diodes 874 located immedi- 
ately to the right of the first group of diodes and respec- 

20 tively associated with addresses 11 through 19, of which 
only addresses 11 and 19 are illustrated and addresses 12 
through 1 8 are omitted, their anodes are connected to line 
YGl; the anodes of the third group of diodes 874 respec- 
tively associated with addresses 20 through 29 are con- 

25 nected to line YG2; and so on, with the anodes of the 
last group of ten diodes 874, respectively associated with 
addresses 90 through 99, being connected to line YG9. 
With respect to the upper row of diodes 875, which are 
located directly above row #40, the first group of ten 

30 diodes which are respectively associated with addresses 
00 through 99 have their anodes connected to line 
(YG0)' in the same manner as the lower row of diodes 

874. The anodes of each successive group of ten diodes 

875, counting from left to right, are respectively con- 
35 nected to lines (YGl)' through (YG9)'. 

To complete the electrical connections to memory ad- 
dresses 00 through 99, the upper ends of vertical con- 
ductors corresponding to 878 and 883, which are respec- 
tively associated with addresses 00, I0, 20, 30, ... 80, 

40 and 90, are connected to line YD0. The upper ends of 
vertical conductors corresponding to 878 and 883, which 
are respectively associated with addresses 01, 11, 21, 
31, ... 81, and 91, are connected to line YDl. Only 
addresses 01 and 91 of this group are illustrated, the re- 
maining addresses of this group being omitted for sim- 

^5 plicity purposes. Likewise, the upper ends of vertical con- 
ductors 878 and 883, which are respectively associated 
with addresses 02, 12, 22, 32, . . . 82, and 92, are con- 
nected to line YD2. This sequence of connections con- 
tinues from lines YD3 through YD9, where YD9 is con- 

^^ nected to vertical conductors corresponding to 878 and 
883, which are respectively associated with addresses 09, 
19, 29, 39, . . . 89, and 99. 

To summarize: Selective energization of line YD0 
essentially selects all addresess whose low-order digit is 

^5 a "0"; YDl essentially selects all addresses whose low- 
order digit is a "1"; YD2 essentially selects all addresses 
whose low-order digit is a "3"; and so on from YD3 
through YD9, where YD9 essentially selects all addresses 
whose low-order digit is a "9." Forgetting about "prime- 
" notations" for the present, selective energization of line 
YG0 essentially selects all addresses whose high-order 
digit is a "0"; YGl essentially selects all addresses whose 
high-order digit is a "1"; YG2 essentially selects all ad- 

„^ dresses whose high-order digit is a "2"; and so on from 
YG3 to YG9, where selective energization of line YG9 
essentially selects all addresses whose high-order digit is a 
"9." Thus, suppose that it is desired to select a particular 
address; say address 90. To accomplish this, YD0 is ener- 

70 gized corresponding to the low-order digit "0" of the ad- 
dress, and, simultaneously therewith, YG9 is energized 
corresponding to the high-order digit "9" of the address. 
Thus, when YD0 and YG9 are simultaneously energized, 
a binary "1" representative half-select current flows up- 

75 wardly from line YG9 through all of the cores in address 
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9^ and out at line YD(p. To select address 99, YD9 and 
YG? are energized simultaneously. 

As far as "prime notations" are concerned, it is to be 
pointed out at this time that throughout the electrical 
circuitry of the computer signal lines bearing a "prime" 
notation — i.e., (XG^)' and (YG^)' et al. — essentially 
have diametrically opposite states or energization condi- 
tions to their respective "primeless" counterparts; i.e., 
XG0, YG(j), et al. For example, lines (YG0)' through 
(YG9)' are effective to selectively send a half-select drive- 
current impulse downwardly through any one of addresses 
</)<^ through 99 to "half-select" a particular address to a 
binary "0" representation, whereas lines YG^ through 
YG9 are effective to send a half-select impulse upwardly 
through any one of the same respective addresses to 
"half-select" that particular address to a binary "1" repre- 
sentation. It is also to be appreciated at this point that, 
when the state of a signal line bearing a "prime" notation 
is de-energized or is FALSE, the "primeless" signal line 
counterpart is respectively "energized" or is TRUE, and 
vice versa. In other words, when one is energized, the 
other is de-energized; when one is TRUE, the other is 
FALSE, etc. 

In the "X" direction of the memory, line XDa selects 
those ten rows corresponding to bit "a" of each order 
decimal digit of the word; line XD6 selects those ten rows 
corresponding to bit "b"; line XDc selects the ten rows 
corresponding to bit "c"; and, finally, line XDd selects 
the final ten rows corresponding to bit "d" of each order 
decimal digit of the word. Lines (XG^)' through 
(XG9)' are effective to send a half-select drive-current 
impulse from left to right through any one of rows #1 
through #40 to "half-select" a particular row to a binary 
"0" representation, whereas lines XGi^ through XG9 are 
effective to send a half-select impulse from right to left 
through any one of the same respective rows to "half- 
select" that particular row to a binary "1" representation. 

Thus, combining "X" and "Y" selection of the memory, 
in order to store a binary "1" representation in a core, say 
core 885 as lan example, which is located at the junction of 
row #1 and address 00, lines YD0, YG0, XDa, and 
XG<^ are all simultaneously energized. To store a binary 
"0" representation therein, lines YD0, (YG0)', XDa, and 
(XG0)' are all effectively energized simultaneously. To 
store binary information in core 886, line XDb is ener- 
gized instead of line XDrr. The manner of "X" and "Y" 
selection of addresses "A" and "B" is exactly the same as 
the manner of selection of memory addresses 00 through 
99. Consequently, further detailed description thereof is 
not deemed necessary. 

Before proceeding further with the description of the 
logical control circuitry of the computer, it is to be 
pointed out that an attempt has been made to simplify 
and thus alleviate the inherent complexity of the sche- 
matic representation in order to facilitate a full and com- 
plete understanding of the circuitry, both as to its organi- 
zation and as to its mode of operation. For example, 
throughout the drawings, all input lines are appropriate- 
ly labeled and are positioned to the leftmost side of the 
various building blocks previously described, and the var- 
ious output lines thereof also are appropriately labeled 
and are positioned to the rightmost side of the building 
blocks. However, for illustrative purposes only, but a 
selected few of the input and output lines are actually 
shown connected. It is, of course, to be understod that, 
in order to obtain a full and complete electrical circuit 
diagram of the computer, it first is necessary to substitute 
the appropriate type of building block circuitry (taken 
from FIGS. 46 through 51) for each of the correspond- 
ingly-labeled building blocks which are logically illus- 
trated throughout the drawings. Afterwards, all like- 
labeled lines (whether input lines, output lines, or other- 
wise) are to be connected together, thus forming a com- 
plete circuit diagram from the schematic representation 
thereof. 
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With reference to the lower right-hand section of FIG. 
60, there are schematically illustrated four "X-drivers," 
which are utilized to selectively energize input lines XDa 
through XDd, previously described in connection with 
the core memory shown in FIG. 52. Each of the X- 
drivers comprises a two-input logical AND of type "Rl," 
an inverter amplifier of type "112," and an emitter fol- 
lower amplifier of type "E3," each connected in cascade 
with respect to the others. More specifically, the X- 
driver for bit "a" includes logical AND llftS, inverter 
4237, and emitter follower 4250; the X-driver for bit 
"b" comprises logical AND 1109, inverter 4238, and 
emitter follower 4251; the X-driver for bit "c" comprises 
logical AND 1110, inverter 4239, and emitter follower 
42S2; and, finally, the X-driver for bit "d" comprises 
logical AND 1111, inverter 4250, and emitter follower 
4253. 

During a read-write cycle of operation for reading a 
word from an address in memory, line SMC goes TRUE 
for 1600 microseconds to allow line XDW to effectively 
"condition" the selected X-driver to effectively be turned 
"ON" at, and for, the proper amount of time. At 40 
microseconds intervals, lines BaM through BdM sequen- 
tially go TRUE for a period of 40 microseconds each, and 
then respectively go FALSE. Consequently, at the be- 
ginning of the read-write cycle, output line XDa is ener- 
gized, and a potential of approximately —12 volts ap- 
pears thereon. Line XDa stays energized for a maxi- 
mum period of 40 microseconds and then is de-energized. 
Forty microseconds after line XDa was first energized, 
output line XDb is energized for a maximum period of 
40 microseconds, and then is de-energized. Forty micro- 
seconds after line XD6 was first energized, line XDc is 
energized for a maximum period of 40 microseconds. 
Finally, 40 microseconds after line XDc was first ener- 
gized, line XDd is energized for a maximum period of 
40 microseconds, lines XDa through XDd of FIG. 60, 
of course, being identical to lines XDa through XDd of 
FIG. 52, as previously stated. Thus it is evident, as a 
maximum total time of 160 microseconds is required to 
read each digit out of memory, that a maximum of 1600 
microseconds is required to read a ten-digit number out 
of a particular address in memory. 

18. Bit-Counter 

The bit-counter, logically shown in the upper portion 
of FIG. 62, includes two type "F2" flipflops 6041 and 
6042, connected as a scale-of-four binary counter, and 
is utilized to select the binary bit of the word to be read 
out of an address in memory during a read-write cycle, 
as illustrated in the block diagram of FIG. 45. When 
the computer is first turned "ON," or when pushbutton 
RSI (FIG. 76) is actuated, flipflops 6041 and 6042 are 
unconditionally set TRUE by reset line (RS)' going 
FALSE. That is, the states of flipflops 6041 and 6042 
are such that reference output lines BCa and BCb, re- 
spectively therefrom, are TRUE, and prime output lines 
(BCfl)' and (BC6)' are both FALSE. 

The bit-counter usually counts in a forward direction, 
as will be shown later. However, there are times when 
the bit-counter is required to effectively count in a re- 
verse direction. When counting in a reverse direction, 

05 the read-write word cycle begins by reading out the 
high-order bit of the high-order digit; i.e., bit "d" of 
digit #9. The signal which provides for this reverse 
operation of the bit-counter comes from line DBD. 
When line DBD is TRUE (line (DBD)' thus being 

70 FALSE), the bit-counter counts in a reverse direction. 
Conversely, when line DBD is FALSE (line (DBD)' 
thus being TRUE), the bit-counter counts in a forward 
direction. 

If it be desired that the bit-counter is to count in a 

75 forward direction, lines (DBD)', BCa, and BCb must 
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first be TRUE. Therefore, as all three inputs to logical 
AND 1158 are simultaneously TRUE, lines Bd and Bt/M 
are also TRUE, the remainder of output lines Ba through 
Be and BaM through BdM being FALSE. When input 
line CYC goes from TRUE to FALSE, the prime inputs 
to both of flipflops 6041 and 6042 go from TRUE to 
FALSE. Consequently, both flipflops 6041 and 6042 
change state, so that lines BCa and BCb go FALSE and 
lines (BCa)' and (BC6)' go TRUE. As lines (DBD)', 
(BCa)', and (BCb)' are now TRUE, all of the inputs 
to logical AND 1152 are simultaneously TRUE, and thus 
output line Ba is TRUE, with the remaining outputs Bb 
through Bd being FALSE. When line CYYC goes from 
FALSE back to TRUE, the state of both flipflops remains 
unchanged. However, when line CYC again goes from 
TRUE to FALSE, the reference input to flipflop 6041 
goes from TRUE to FALSE. At this time, lines BCa 
and (BC6)' are TRUE, and lines (BCa)' and BCb are 
both FALSE. Thus, as inputs (DBD)', BCa, and 
(BCb)' of logical AND 1154 are simultaneously TRUE, 
output line Bb is TRUE, and remaining outputs Ba, Be, 
and Bd are FALSE. When line CYC goes from TRUE 
to FALSE a third time, all input lines to logical AND 
1156 are simultaneously TRUE, and output line Be is 
likewise TRUE, with lines Ba, Bb. and Bd being FALSE. 
Finally, when CYC goes from TRUE to FALSE a fourth 
time, line Bd is TRUE, with lines Ba through Be being 
false. 

To summarize, only readout line Bd is initially set 
TRUE when the computer is first turned "ON" or when 
pushbutton RSI (FIG. 76) is actuated; the remaining 
readouts, Ba through Be, are FALSE. At this time, for 
each successive occurrence of a TRUE-to-FALSE re- 
versal of line CYC, the bit-counter is incremented by a 
count of one binary bit. Thus, with four such reversals 
of line CYC, the bit-counter counts Ba, Bb, Be, and back 
to Bd. When the bit-counter is to count backwards, line 
DBD is rendered TRUE instead of line (DBD)'. Con- 
sequently, at this time, line B« instead of line Bd is 
TRUE; remaining lines Bb through Bd are FALSE. 
Thereafter, for each successive occurrence of a TRUE-to- 
FALSE reversal of line CYC, the counter is decremented 
by a count of one bit. Thus, with four such reversals of 
line CYC, the bit-counter counts Bd, Be, Bb, and back to 
Ba. It is to be appreciated, of course, that lines BoM 
through BdM are at all times of the same state as lines 
Ba through Bd, respectively. It is also to be appreciated, 
as before stated, that lines BaM through BdM of FIG. 62 
are respectively identical to lines BaM through BiiM of 
FIG. 60 and anywhere else they may appear in the com- 
puter circuitry. 

19. X and Y Grounders 

In the left portion of FIG. 66, there are diagrammati- 
cally shown two sets of ten X-grounders, one set of ten 
represented by output lines XG0 through XG9, and the 
other represented by output lines (XG0)' through 
(XG9)'. Each of the twenty X-grounders comprises a 
serially-connected network of a two-input logical AND 
of type "Rl," an inverter amplifier of type "112," and an 
inverter amplifier of type "12." The emitter electrodes 
of inverters 3268 through 3287 are connected together 
and returned via line CRX to output terminal 843 of 
temperature-compensated current regulator 7001, which 
has previously been shown and described in detail in con- 
nection with section (g) of FIG. 51. 

The mode of operation of each of the X-grounders 
is somewhat straightforward. When both inputs to any 
one of logical AND's 1281 through 13(M) are simulta- 
neously TRUE, that particular AND circuit effectively 
causes a constant-current operating potential of approxi- 
mately — 10 volts to be applied to its respective output 
lead; i.e., one of leads XG0 through XG9 or (XG^)' 
through (XG9)'. 

The Y-grounders shown in the right section of FIG. 



66 are of essentially identical circuit configuration to 
the just-described X-grounders, and, as their mode of 
operation is also essentially the same as that of the 
X-grounders, a detailed description thereof would result 

g in unnecessary repetition. The prime difference be- 
tween the X and Y-grounders is that lines WR and 
(WR)' are individually ANDED with lines D^M, Dl 
through D8, and D9M for the X-grounders and individu- 
ally ANDED with lines Wl<p through Wi9 for the Y- 

10 grounders, lines D0M, Dl through D8, and D9M being 
the output leads of a digit counter to be described next. 

20. Digit Counter 

With reference to FIG. 63, there is shown a scale-of- 

15 ten binary counter, herein called a "digit counter," which 
is utilized, among other purposes, to select a particular 
order digit of the word stored in an address in memory. 
The digit counter includes four type "F2" flipflops 6043 
through 6046 effectively connected in cascade in a man- 

20 ner such that, each time line AD goes from TRUE to 
FALSE, the following takes place: flipflop 6043 changes 
state; except during a so-called "recycling" mode of oper- 
ation, which will be described hereinafter, flipflop 6044 
changes state if the state of line Da goes from TRUE 

25 to FALSE; flipflop 6045 changes state if the state of line 

Db goes from TRUE to False; and flipflop 6046 changes 

state if the state of line Dc goes from TRUE to FALSE. 

For example, for a count of "0," flipflops 6043 through 

6046 are in a FALSE state; that is, their states are such 

30 that lines Da through Dd are FALSE and lines (Da)' 
through (Dd)' are all TRUE. If it is desired for the 
digit counter to count in a forward direction (i.e., 0, 1, 
2, 3, . . . 7, 8, 9), line (DBD)' is selectively set TRUE. 
After flipflops 6043 through 6046 are set FALSE, all 

35 of the inputs to logical AND 1178 are simultaneously 
TRUE. Thus, readout line D<p is also TRUE and there- 
by represents a count of "0." Thereafter, the first time 
line AD goes from TRUE to FALSE, flipflop 6043 
changes state, and line Dl, at that time, is the only read- 

40 out line that is TRUE, thus indicative of a count of 
"1." The second time line AD goes from TRUE to 
FALSE, flipflops 6043 and 6044 both change states, so 
that line D2 is TRUE, with the remaining readout lines 
being FALSE. The counting continues until a count 

45 of "9" has been reached, as indicated by lines Da and 
Dd being TRUE. Thereafter, the next time line AD 
goes from TRUE to FALSE, flipflops 6043 and 6046 
both change state, so that lines Da through Dd are there- 
after FALSE and lines (Da)' through (Dd)' are there- 

50 after TRUE, thus representing the original count of "0." 
When the computer is first turned "ON," or when push- 
button RSI (FIG. 76) is actuated, the digit counter is 
preset to a count of "9" by reset line (RS)' going from 
TRUE to FALSE. There is no need to preset the digit 

55 counter to "9" at any other time, as it is always returned 
to a count of "9" at the conclusion of every "word 
cycle" or "sub-command," which are to be described 
hereinafter. 

To summarize: the ten readout lines D^ through D9 

60 individually and sequentially go from FALSE to TRUE, 
representing counts from "0" through "9" respectively. 
That is, line D.^ is TRUE when the digit counter is at a 
count of "0," line Dl is TRUE when the digit counter is at 
a count of "1," etc. When the digit counter counts in a 

65 forward direction, it starts at a count of "9," and for each 
successive TRUE-to-FALSE change of state of line AD, 
output line D0 goes TRUE, and, thereafter, a succes- 
sively higher-order readout line goes TRUE, the remain- 
ing readout lines, of course, being FALSE in each in- 

70 stance. 

At certain times, it is desirable to read a word out of 
memory in reverse order by starting with the tenth-order 
digit thereof. In this instance, flipflops 6043 through 
6046 still essentially count in a forward direction, how- 

75 ever; only the manner of decoding the outputs thereof 
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is changed. Such a change is made simply by causing 
line DBD to be TRUE instead of line (DBD)'. When 
line (DBD)' is TRUE, the digit counter counts in a 
forward direction; however, when line DBD is TRUE, 
the digit counter starts at a count of "0." Thereafter a 
succession of TRUE-to-FALSE transitions of line AD 
produces a retrogressive count of 9, 8, 7, 6, ... 1 and 
back to 0. 

As illustrated in the block diagram of FIG. 45, readout 
lines D<j> through D9 are also utilized by the computer 
for various control purposes, in addition to memory digit 
selection. In addition to the read-out lines following the 
forward-reverse logic, there is an additional readout line 
D9L, which is TRUE each time lines Da and Dd are 
simultaneously TRUE, regardless of whether the digit 
counter is operating in a forward or a reverse direction. 

21. Y-Drivers 

In the rightmost section of FIG. 65 there are shown 
ten Y-drivers, whose output lines are respectively labeled 
YD<f> through YD9. Each driver includes a serially-con- 
nected network comprising a two-input type "Rl" logical 
AND, a type "112" inverter, and a type "E3" emitter fol- 
lower amplifier. As previously described, by selective en- 
ergization of line YD^, all addresses whose low-order digit 
identification is a "zero" are effectively "selected"; i.e., 
addresses ipij>, \<p, l4>, . . . 8</), and 9^, by selective ener- 
gization of line YDl all addresses ending in a "one" are 
effectively selected; i.e., 11, 21, 31, . . . 81, and 91; by 
selective energization of line YD2, all addresses ending 
in a "two" are effectively selected; and so on, with line 
YD9 effectively selecting all addresses ending in a "nine"; 
i.e., addresses <t>9, 19, 29, . . . 89, and 99. Selective 
energization of lines YD0 through YD9 is effected by 
logically ANDING line YDW with each of lines \^<l>4> 
through W09 which originate at the decoder portion of 
the low-order digit section of a "word-selecting" register 
next to be described. 

22. Word-Selecting Register 

The word-selecting register is a two-digit register which 
is utilized to temporarily store a two-decimal-digit num- 
ber representing the address location of the word in mem- 
ory from which reading is to take place. That is, the 
word located in memory at the address corresponding to 
the number stored in the word-selecting register will be 
the next word read out upon occurrence of a read-v/rite 
work cycle. The word-selecting register includes eight 
type "F2" flipflops, four of which effectively store, in 
binary-coded form, the low-order digit, and the remaining 
four effectively store, in binary-coded decimal form, the 
high-order digit of the address-representing number stored 
therein. 

With reference to FIG. 65, the four flipflops which are 
utilized to store the low-order decimal digit of the number 
in the word-selecting register aie 6051 through 6054. 
Flipflop 60S1 effectively stores low-order bit "a," flipflop 
6052 effectively stores second-order bit "b" flipflop 6053 
effectively stores the third-order bit "c," and flipflop 6054 
effectively stores the fourth or high-order bit "d" of the 
low-order decimal digit of the number. 

Output lines Wi^a through W^ii and (W^a)' thi'ough 
(W0t/)' from flipflops 6051 and 6054 are connected as 
inputs to a decoder network comprising ten type "Rl" 
logical ANDS 1261 through 1270, which are individually 
cascaded with a type "Dl" logical OR, a type "15" inverter, 
and a type "115" inverter. Thus, when the low-order sec- 
tion of the word-selecting register is storing a count of 
"zero," output lines W^a through W0d are FALSE, and 
lines (W0fl)' through (W^rf)' are TRUE. As all of the 
input lines to logical AND 1261 are simultaneously TRUE, 
output line W</i0 is TRUE, indicative of the "zero" storage 
in flipflops 6051 through 6054. In a like manner, it is 
seen that only one of output lines W^^ througli W09 of 
the decoder is TRUE at any given instant, and a TRUE 



state of each is indicative of a corresponding one of deci- 
mal digits "0" through "9" being stored in the low-order 
section of the word-selecting register. 

There are two "presets" for the word-selecting register. 

5 The first preset is by means of selective energization of line 
(PW0)', which unconditionally presets the word-selecting 
register to "00." The second preset is by means of selec- 
tive energization of line STl, which presets the word- 
selecting register to "01" representation as indicated by a 

10 TRUE state of line W^l, lines W<^0 and W02 through 
W09, of course, being FALSE. However, both the 
low-order section and the high-order section of the word- 
selecting register must first be set to zero via line (PW^)' 
in order for line STl to be effective to preset the word- 

15 selecting register to "01." The reason for this is that, 
as shown, line STl is effective only in presetting the state 
of flipflop 6051 and does not affect the states of the re- 
maining flipflops of both sections of the word-selecting 
register. 

20 With reference to FIG. 64, the four flipflops which are 
utilized to store the high-order decimal digit of the number 
stored in the word-selecting register are 6047 through 
6050. The state of flipflop 6047 represents the low-order 
bit "a," the state of flipflop 6048 represents the second- 

25 order bit "6," the state of flipflop 6049 represents the third- 
order bit "c," and the state of flipflop 6050 represents the 
fourth or high-order bit "d" of the decimal digit. Output 
lines Wla through Wit/ and (Wla) ' through (Wld) ' from 
flipflops 6047 through 6050 are connected as inputs to a 

30 decoder network comprising ten type "Rl" logical ANDS 
1226 through 1235, which are individually cascaded with 
a type "Dl" logical OR, a type "15" inverter, and a type 
"115" inverter. As in the low-order section of the word- 
selecting register, as previously mentioned, its high-order 

35 section is also unconditionally preset to "zero" by line 
(PW0)', which presets the reference outputs of flipflops 
6047 througji 6050 FALSE. 

Included in the high-order section of the word-selecting 
register are ten readouts which decode the decimal digit 

40 representation as represented by the states of flipflops 
6047 through 6050, the readouts being by way of output 
lines Wl0 through W19. For example, when the high- 
order digit in the word-selecting register is a "0," only 
line W10 is TRUE. Line Wll is TRUE only when the 

45 high-order digit is a "\," and so on, so that line W19 is 
TRUE only when the high-order digit is a "9." Then ten 
output lines Wl0 through W19 are each logically ANDED 
with each of lines WR and (WR)', as shown in FIG. 66, to 
selectively energize the Y-grounders which effectively se- 

50 lect the high-order digit of the address in memory of the 
word to be read out upon occurrence of the next read- 
write cycle. 

23. Summary of Word-Selection 

55 There has now been shown and described the mode 
of selection of a particular string or addresses of cores 
and how a particular binary bit of a particular digit of 
the v/ord is selected during a read-write cycle of operation. 
However, in summary, the word-selecting register effec- 
60 tively stores a two-digit decimal number which corre- 
sponds to the address in memory that is to be effected 
during the next read-write cycle. Even though there are, 
in fact, only twenty readout lines W00 through W19 for 
the word-selecting register, in combination they effectively 
65 function as one hundred readouts. In other words, one 
of lines Wl0 through W19 is TRUE, indicative of the 
high-order digit of addresses 00 through 99. At the same 
time, one of lines W00 through W09 is TRUE, indicative 
of the low-order digit of the address. As an illustrative 
70 example, address 96 is represented by lines W19 and W06 
simultaneously being TRUE; address 48 is represented by 
lines W14 and W08 simultaneously being TRUE, and 
so on. Thus, a half-select current is allowed to flow in 
the "Y" direction only in the vertical string of cores lo- 
ts cated in the address corresponding to the number stored 
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in the word-selecting register. The number in the word- 
selecting register remains therein during the entire time the 
ten-digit word is being read out of memory. Other suit- 
able means have been provided for selecting addresses 
"A" and "B," as will later be seen. 

The bit and digit counter combination determines which 
TOW of cores is to receive a half-select current impulse 
during a read-write cycle. That is, the output of the bit 
counter determines which bit is to be read out — i.e., bit 
"a," "b," "c" or "d," and the digit counter determines 
which order digit is to be read out. For example, if the 
bit counter is at "a" and the digit counter at "1," a half- 
select current impulse is permitted to flow only through 
the row of cores corresponding to the low-order bit of 
the second-order digit. If the bit counter is at "d" and 
the digit counter at "9," a half-select current impulse is 
permitted to flow only through the row of cores corre- 
sponding to the high-order bit of the tenth-order digit, 
and so on. 

24. Synchronizing Clocks 

Before going into a detailed description of a complete 
read-write cycle of a word stored in a particular address 
in memory, it is deemed desirable, at this point, to briefly 
describe the various "clocks" which are utilized by the 
computer for synchronization purposes, to insure the 
proper sequence of data handling and transfer. 

With reference to FIG. 84, a 50-kilocycle multi-vibra- 
tor 6125, substantially identical to the one heretofore 
shown and described in connection with section (fl) of 
FIG. 50, has the reference output thereof connected 
through AND gates 1778 and 1779 to both the reference 
and the prime inputs of flip-flop 6127. As multivibrator 
6125 is essentially a 50 kc. square-wave generator, the 
signal voltage appearing on the reference output lead MV 
thereof is as shown by the topmost waveform in FIG. 
87B. If at "TIME-1" the state of line MV is reversed 
from TRUE to FALSE, the state of line MV reverses 
from FALSE back to TRUE ten microseconds later at 
"TIME-2." Ten microseconds later, at "TIME-3," the 
state of line MV again reverses from TRUE to FALSE, 
and so on. As heretofore mentioned, the state of line 
(MV)' is efl'ectively 180 degrees out of phase with the 
state of line MV. 

If it is assumed that directly preceding TIME-1 the 
states of lines MV and C31 are both TRUE, as shown, at 
TIME-1 the reference input to flip flop 6127 is reversed 
from TRUE to FALSE. Consequently, flip flop 6127 is 
triggered so that the state of line C31 is rendered FALSE 
and the state of line C13 is rendered TRUE. At TIME-3, 
when the state of line MV again is reversed from TRUE 
to FALSE, the state of line C31 is rendered TRUE and 
the state of line C13 is rendered FALSE. This sequence 
of events is continually repeated during operation of the 
computer. 

At TIME-2, the state of line (MV)' is reversed from 
TRUE to FALSE, and, consequently, flip flop 6128 is 
triggered so that the state of line C42 is thereby rendered 
FALSE and the state of line C24 is thereby rendered 
TRUE. At TIME^4, when the state of line (MV) ' again 
reverses from TRUE to FALSE, the states of lines €42 
and C24 are reversed. At TIME~1, when the state of line 
C31 reverses from TRUE to FALSE, flip flop 6129 is trig- 
gered so that the state of line C41 is thereby rendered 
FALSE, and, simultaneously therewith, the state of line 
C41 is rendered TRUE. Thirty microseconds later, the 
state of line C24 reverses from TRUE to FALSE. There- 
fore, at TIME-4, flip flop 6129 is reset to its initial state, 
so that immediately thereafter the state of line C41 is 
rendered TRUE and the state of line C14 is simultaneous- 
ly rendered FALSE. 

As shown, output lines C31, C13, C42, and C24 are 
variously connected as inputs to flip flops 6129 through 
6132 to provide suitably phased clock pulses on output 
lines C41, C14, C43, C34, C23, and CI2. It is to be 



noted that the highest-order numeral designation thereof 
denotes the time at which the state of that particular line 
is rendered TRUE and the lowest-order numeral designa- 
tion denotes the time at which the state of that particular 

5 line is rendered FALSE. For example, the state of line 

C41 is rendered TRUE at each TIME-4 and FALSE at 

each TIME-1, the state of line C23 is rendered TRUE at 

each TIME-2 and FALSE at each TIME-3, and so on. 

The 400-cycle multivibrator 6126 has a period of ap- 

IQ proximately 1.24 milliseconds. Consequently, due to the 
synchronizing action with respect to the state of line C41, 
as heretofore described in connection with section (b) 
of FIG. 50, the state of line ICC is rendered TRUE and 
the state of line (ICC)' is rendered FALSE at TIME-^1; 

]5 approximately 1.24 milliseconds thereafter, at TIME-1, 
the state of line ICC is rendered FALSE and the state of 
line (ICC)' is rendered TRUE. Again, approximately 
1.24 milliseconds thereafter, at TIME-1, the state of line 
ICC again is rendered TRUE and the state of line (ICC)' 

20 is again rendered FALSE. As this sequence of events is 
continually repeated during operation of the computer, it 
is evident that the output from the 400-cycle multivibrator 
6126 is effectively synchronized with the output from the 
50 kc. multivibrator 6125. 
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25. Detailed Read-Write Cycle 



With reference to FIG. 60, during a complete read- 
write cycle of a word stored in a particular address in 
memory, line SMC is TRUE for a period of 1600 micro- 

30 seconds, and line MYW is TRUE for a period of 1650 
microseconds. Therefore, as all the inputs to logical 
AND 1096 are simultaneously TRUE at TIME-3, line 
YDW also goes TRUE at TIME-3 and stays TRUE for 
a period of 20 microseconds until TIME-l; at TIME-1, 

3y line YDW goes FALSE and stays FALSE for 20 micro- 
seconds until TIME-3; at TIME-3 line YDW again goes 
TRUE, and so on. Thus, it is seen, at TIMES 1 and 3, 
line YDW goes FALSE and TRUE, respectively, for pe- 
riods of 20 microseconds each. This is done to permit 
one of Y-driver output lines YD0 through YD9 (FIG. 
65) to be selectively energized for a period of 20 micro- 
seconds by selected ones of output lines W^^ through 
W<^9 of the decoding portion of the low-order section of 
the word-selecting register, as will more fully be de- 

45 scribed hereinafter. 

As previously described in connection with FIG. 66, 
selected pairs of Y-grounder output lines YG0 — (YG0)', 
YGl— (YGl)' . . . YG9— (YG9)' are conditioned at 
predetermined times by a corresponding one of output 

50 lines Wl^ through W19 of the decoding portion of the 
high-order section of the word-selecting register (FIG. 
64), a selected one of each pair being selectively ener- 
gized by one of lines WR and (WR)'. As shown in 
FIG. 66, lines WR and (WR)' alternately eflfect ener- 

55 gization of only one of the Y-grounder output lines. 
That is, only one of the Y-grounder output lines is ener- 
gized at any given time; when that particular Y-ground- 
er output line is de-energized, another Y-grounder output 
line is energized, and so on. This is clearly illustrated 

60 in the timing chart of FIG. 87A, which is to be referred 
to, from time to time, during the following detailed de- 
scription of a complete read-write cycle. 

It will be assumed that it is desirous to read a word 
out of memory address </><!>, that the reading operation 

05 is to begin with the lowermost core in address 00, and 
that all data read out is to be re-stored in address 00. 
Thus, to begin the reading operation, lines (WR)' and 
Wl0 (FIG. 66) simultaneously go TRUE, thereby en- 
ergizing Y-grounder output line (YG0)' at TIME-1, as 

70 shown in the just-mentioned timing chart of FIG. 87B. 
Simultaneously therewith, lines XDW and BaM (FIG. 
60) go TRUE, thereby energizing X-driver output line 
XDa at TIME-1. Also simultaneously therewhh, lines 
D0M and (WR)' (FIG. 66) are TRUE to energize X- 

75 grounder output line (XG0)' also at TIME-1. Conse- 
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quently, as both the X-driver, XDa, and the X-grounder 
(XG^)' (FIG. 52A) are simultaneously energized at 
TIME-1, a current impulse of half-select magnitude (ap- 
proximately 180 ma.) flows from left to right through 
the bottom row of cores to "half-select" each of the cores 
in the row toward a binary "zero" representation, as pre- 
viously described, the binary value of the low-order bit 
of the first-order digit of the word stored in memory ad- 
dress 00 being represented by the initial state or direc- 
tion of magnetization of core 885, as before stated. 

Twenty microseconds later, at TIME-3, line YDW 
(FIG. 60) goes TRUE to effect energization of Y-driver 
output line YD0 (FIG. 65). Thus, as the Y-driver out- 
put line YD0 and Y-grounder output line (YG^)', shown 
in FIG. 52A, are both, for the first time, simultaneously 
energized at TIME-3, a current impulse of half-select 
magnitude (approximately 180 ma.) flows downwardly 
through the leftmost column of cores to "half-select" each 
of the cores in address 00 toward a binary "zero" repre- 
sentation. As the magnetommotive forces produced by 
the two half-select currents are additive in the region of 
core 885 only, immediately following TIME-3 core 885 
is the only core in the entire memory that is magnetically 
set to a binary "zero" representation at this time. If it 
is assumed that core 885 previously was in a magnetic 
remanent state representative of a binary "one," the 
state of magnetization of the core is reversed immediately 
following TIME-3. Consequently, with respect to ter- 
minal 872, a negative-going output pulse is induced in 
memory sense winding 871 (FIG. 52) having a peak am- 
plitude occurring approximately 3 microseconds after 
TIME-3. 

The negative-going output pulse induced in memory 
sense winding 871 renders memory sense amplifier 4399 
(FIG. 67A) conductive during presence thereof, so that 
the uppermost input to logical AND 1163 goes TRUE 
during presence of the pulse from memory, as shown in 
FIG. 87. Assuming that the signal on the lowermost in- 
put to AND 1163 from flipfiop 6149 is also TRUE, both 
of the common-load transistors making up AND 1163 
(FIG. 48/) are rendered non-conductive, so that the sig- 
nal applied to the reference input of flipflop 6055 goes 
FALSE approximately 3 microseconds after TIME-3 
and flipflop 6055 is triggered thereby, so that output line 
MSA goes TRUE, indicating that a binary "one" had 
previously been stored in core 885 (FIG. 52); output 
line (MSA)', when TRUE, indicates that the core was 
previously storing a binary "zero." 

At TIMB-4, line (WR)' goes FALSE (FIG. 66) and 
line WR goes TRUE. Therefore, X and Y-grounder 
lines (XG0)' and (YS0)' are both de-energized, and si- 
multaneously therewith, X and Y-grounder lines XG0 
and YG0 are energized. As core 885 (FIG. 52A) was 
previously storing a binary "one," X and Y-driver output 
lines XDa and YD0 remain energized, and, consequently, 
a full-select current impulse flows through the core in 
the opposite direction to "re-set" the core back to its ini- 
tial binary "one" state immediately following TIME-4. 

However, if the core had been initially storing a binary 
"zero," instead of a binary "one," a voltage impulse 
would not have been induced in the memory sense wind- 
ing, and, consequently, output line MSA (FIG. 67 A) re- 
mains FALSE instead of going TRUE, thus indicative of 
the binary "zero" storage in core 885. In that instance 
when line MSA remains FALSE, line MXW (FIG. 60) 
likewise remains FALSE, and, consequently, not all of the 
inputs to logical AND 1098 are TRUE, as before. As a 
result, line XDW goes FALSE and causes X-driver out- 
put line XDa to be de-energized. This is illustrated in 
FIG. 87 by the dotted portion of the output signal rep- 
resentation of X-driver line XDa between TIME-4 and 
TIME-1 for bit "a." X-driver line XDa now being de- 
energized at TIME-4, a binary "one" representing half- 
select current flows through core 885 in the "Y" direc- 
tion only, and, consequently, the core is not "reset" to a 



binary "one" state, but, instead, remains in its initial bi- 
nary "zero" state. 

It is to be noted that, during a read-write cycle, half- 
select current is first applied in the "X" direction for 

5 a period of 20 microseconds — i.e., from TIME-1 to 
TIME-3 — ^before a coincidental half-select current is 
applied in the "Y" direction through the core being "read." 
One reason for operating the computer memory in this 
manner is due to the physical placement of memory 

10 sense winding 871 (FIG. 52). Due to the fact that the 
sense winding is oriented parallel with respect to the 
conductors threaded through the core in the "X" direction, 
when a half-select current is first applied in the "X" 
direction, a voltage impulse is induced in the sense wind- 

15 ing even though the magnetic state of each core remains 
unchanged. In fact, the amplitude of this voltage may 
be from ten to fifteen times greater than the amplitude 
of the voltage induced in the sense winding due to a 
"change-of-state" of one of the cores. Consequently, 

20 it is desirable to allow sufficient time to lapse after 
application of a half-select current in the "X" direction 
so that this unwanted voltage impulse is dissipated and 
thus alleviate any undesirable effects therefrom. 

Another reason for this 20-microsecond delay is that 

25 a half-select current through a core causes a noise impulse 
to be induced in the sense winding especially if the pre- 
vious half-select current through the core was in the 
opposite direction. The amplitude of this noise impulse 
is, in most instances, approximately 7 millivolts per core 

30 and requires from ten to fifteen microseconds to be 
dissipated. As there are 100 cores in the "X" direction 
per row, and, as the noise from all of the cores in each 
row is additive, the total maximum amplitude of the 
noise impulse is approximately 700 millivolts. 

35 In an attempt to simplify the description and to insure 
a complete understanding of the inherent complexity 
of the mode of operation of the computer memory, it 
has been assumed to this point that all of the cores mak- 
ing up memory addresses 00 through 99 and addresses 

40 "A" and "B" are magnetized in the same direction to re- 
present either a binary "one" or a binary "zero." How- 
ever, in the actual operation of the computer memory, 
this is not the case, the reasons for which are as follows: 
As previously described with respect to FIG. 52, 

45 memory sense winding 871 is sequentially threaded in 
the same direction through every other one of the forty 
rows of cores making up the entire memory. Thus, if 
every core in the memory were magnetically set in the 
same direction to represent, say, a binary "one," opposite 

50 polarity output pulses are induced in the memory sense 
winding during a read^write cycle, all of which pulses 
individually represent a binary "one" storage in the respec- 
tive core. For example, the cores making up the odd- 
numbered rovi's are responsible for output pulses of one 

65 polarity indicative of a binary "one" storage, whereas 
the cores making up the even-numbered rows are respon- 
sible for output pulses of an opposite polarity also 
indicative of a binary "one" storage. 
Also, as previously mentioned, it has been found that 

60 a subsequently-applied half-select current impulse through 
a core causes a noise impulse to be induced in the sense 
winding if the previously-applied half-select current im- 
pulse through the core was in the opposite direction to the 
subsequently-applied half-select current impulse; how- 

65 ever, the subsequently-applied half-select current impulse 
through the core causes a much smaller amplitude noise 
impulse to be induced in the sense winding if the sub- 
sequently-applied half-select current impulse is in the 
same direction as the previously-applied half-select cur- 

70 rent impulse. 

Therefore, to alleviate the need for sensing amplifiers 
which must be responsive to input impulses of opposite 
polarity, and also, during reading of a particular core, 
in order to subsequently apply a half-select current im- 

75 pulse therethrough in the "Y" direction, which is in the 
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same direction as the half-select current impulse previous- 
ly applied in the "Y" direction therethrough during writ- 
ing of a previously-read core, it has been found desirable 
during the operation of the memory of the present com- 
puter for all of the cores making up the odd-numbered 
rows to be magnetically set in one direction to represent 
storage of a binary "one" and for all of the cores making 
up the even-numbered rows to be magnetically set in 
the opposite direction to represent storage of a binary 
"one." Consequently, during a read-write cycle of oper- 
ation, binary "one" signifying impulses of the same 
polarity are induced in the memory sense winding, and 
thus the sense amplifiers need only be responsive to 
single polarity impulses; and, also, much smaller ampli- 
tude noise impulses are induced in the sense winding 
during the reading operation. 

With the foregoing in mind, the next portion of the 
read-write cycle will be described and directed to bit 
"6" of the low-order digit of the word stored in address 
<t><t>- 

Now that core 885 (FIG. 52A) has been read and 
then "reset" to represent its initial binary "one" storage, 
line CYC (FIG. 61) goes from TRUE to FALSE at 
the following TIME-1, measured with respect to bit "b." 
As previously described in detail with respect to the bit 
counter shown in FIG. 62, when line CYC goes FALSE 
for the second time, line BaM goes FALSE, line BiM 
goes TRUE, and lines BcM and BrfM remain FALSE. 
As line XDW (FIG. 60) also goes TRUE at TIME-1, 
X-driver output line XDa is de-energized and output line 
XD6 is energized at TIME-1, as shown in FIG. 86. As 
line YDW (FIG. 60) goes FALSE at each TIME-1, Y- 
driver output line YD^ (FIGS. 65 and 52A) is de- 
energized, and consequently, the half-select current in 
the "Y" direction through the cores of address <!><t> is 
thereby not permitted to flow. However, as X-grounder 
line XG0 (FIG. 52B) remains energized during TIME-1, 
and as X-driver line XDi is energized for the first time at 
TIME-1, a half-select current flows from right to left 
through core 886 to "half-select" the magnetic state of 
core 886 indicative of a binary "zero." It is to be noted 
that the half-select current in the "X" direction through 
core 885 flowed from left to right, instead of right to 
left, to magnetically "half-set" core 885 toward a binary 
"zero" representation. Thus, it is seen, the half-select 
read current flows in one direction through the cores in 
the even-numbered rows and in the opposite direction 
through the cores in the odd-numbered rows. 

At TIME-2, flipflop 6055 (FIG. 67A) is reset by line 
C42 so that output line MSA is thereafter FALSE. At 
TIME-3, line YDW (FIG. 60) goes TRUE to again effect 
energization of line YD^ (FIG. 65). Thus, as Y-driver 
output line YD0 and Y-grounder line YG<^ (FIG. 52) 
are both simultaneously energized at TIME-3, a current 
impulse of half-select magnitude flows upwardly through 
core 886 to cause "full-selection" of the magnetic state 
of core 886 to a binary "zero" representation. If it is 
assumed that the magnetic state of core 886 is indicative 
of a binary "one," the state of magnetization of the core 
is reversed immediately following TIME-3, and, conse- 
quently, a negative-going impulse is again induced in 
memory sense winding 871 (FIG. 52) with respect to 
terminal 873, approximately three microseconds after 
TIME-3, as before. 

As before, the negative-going impulse induced in mem- 
ory sense winding 871 causes the reference input to flip- 
flop 6055 to go FALSE shortly after TIME-3, and, con- 
sequently, flipflop 6055 is triggered so that line MSA is 
TRUE, indicating that a binary "one" had previously 
been stored in core 886. At TIME-4, line (WR)' goes 
FALSE (FIG. 66) and line WR goes TRUE. Conse- 
quently, X and Y-grounder lines XGi^ and TGi^ are both 
de-energized, and, simultaneously therewith, lines (XG<^)' 
and (YGi/>)' are energized. As core 886 was previously 
storing a binary "one," X and Y-driver output lines XDZ> 



and YD^ remain energized for ten microseconds longer 
to effect "resetting" of core 886 back to its initial binary 
"one" state immediately following TIME-4. 
The previously-described sequence of events is now 

5 repeated with respect to cores 887 and 888 and also with 
respect to the remaining ones of the forty cores making 
up address 0^. In the illustrative example given, as evi- 
denced by the presence and absence of memory sense am- 
plifier pulses (FIG. 87A), the binary number stored in 

10 cores 885 through 888, corresponding to low-order bit 
"a" through the high-order bit "d" is "0111," thus indi- 
cating that the low-order digit of the word stored in ad- 
dress 00 is a "seven." 

To summarize: Alternate cores of each memory ad- 

15 dress are magnetically set in one direction to represent a 
binary "one," whereas the remaining cores in the address 
are magnetically set in the opposite direction to represent 
a binary "one." When the core representing bit a of the 
low-order digit is read (i.e., core 885), a half-select 

20 "read" current in the "X" direction flows to the right 
through core 885 at the first TIME-1. At TIME-3, a 
half-select read current in the "Y" direction flows down- 
wardly through core 885 at the first TIME-3 to mag- 
netically set core 885 toward binary "zero." If the core 

25 was originally storing a binary "one," its magnetic state 
is therefore reversed, and a negative-going voltage pulse 
is induced in memory sense winding 871, which causes 
the half-select currents in the "X" and "Y" directions 
through core 885 to be reversed to magnetically reset 

30 core 885 to binary "one" at TIME-4. At the second 
TIME-1, a half -select current flows to the left in the "X" 
direction through core 886. At the second TIME-3, a 
half-select current flows upwardly through core 886 to 
magnetically set core 886 to binary "zero." If core 886 

35 was originally storing a binary "one," a second negative- 
going potential impulse is induced in the memory sense 
winding to cause the half-select currents in the "X" and 
"Y" directions through core 886 to be reversed to reset 
core 886 to binary "one" at the second TIME-4. As 

'**' before stated, this sequence of events is sequentially re- 
peated from the lowermost to the uppermost of the cores 
making up address 00. 

26. Sense-Amplifier Strobe 

45 With reference to FIG. 67A, inverter 4393 is effec- 
tively connected in series with memory sense winding 
871, and inverter 4395 is effectively connected in parallel 
with respect to the memory sense winding. As shown, 
inverter 4395 is rendered non-conductive from TIME-3 

50 to TIME-4 by line C34, and inverter 4393 is rendered 
conductive from TIME-3 to TIME-4 by line C43. Thus, 
as inverter 4395 is non-conductive during the time each 
of the memory cores is being read, the inverter exerts 
essentially no effect on sense winding 871; however, as 

55 inverter 4393 is conductive during the time each core is 
being read, the lower end of sense winding 871 — i.e., 
terminal 872 — is effectively grounded thereby during that 
time to complete the circuit therethrough. From TIME-4 
to TIME-3, sense winding 871 is effectively open-cir- 

CO cuited by inverter 4393 and effectively short-circuited by 
inverter 4395, thus rendering sense winding 871 non- 
effective at all times except for the time interval during 
which reading of a memory core is to take place. 
As previously described with respect to FIG. 87A, if 

05 a binary "one" was previously stored in the core being 
read, the output of a memory sense amplifier is TRUE 
after a time lapse of approximately three microseconds 
after TIME-3. Thus, to prevent undesirable noise im- 
pulses from entering the system, the output of sense 

70 amplifier 4399 is sampled, or "strobed," for a period of 
approximately three microseconds, starting approximately 
three microseconds after each TIME-3. Strobing is ef- 
fected by a three-microsecond one-shot flipflop 6147, 
which is triggered at TIME-3 by line C31, so that the 

75 prime output thereof goes FALSE at TIME-3 and re- 
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mains FALSE for a period of three microseconds, after 
which time the prime output thereof returns to a TRUE 
condition. The prime ouiput of flipflop 6147 is con- 
nected to the reference input of a three-microsecond one- 
shot flipflop 6149, so that, after a time lapse of three 
microseconds after TIME-3 — i.e., v/hen the prime output 
of flipflop 6147 goes TRUE — the reference output of flip- 
flop 6149 goes TRUE and stays TRUE for a period of 
three microseconds, after v/hich time the reference output 
thereof goes FALSE. Therefore, the lowermost input 
line to logical AND 1163 goes TRUE only after a time 
lapse of three microseconds after TIME-3, and stays 
TRUE for a period of only three microseconds. 

As previously described, memory addresses "A" and 
"B" (FIG. 52B) have a common sense winding 89!l sep- 
arate from the main memory sense winding 871. Mem- 
ory addresses "A" and "B" have a common pair of 
Y-grounder lines (ABG)' and ABG and separate Y- 
driver lines AAD and BBD (FIG. 60), which func- 
tion in the same manner as the just-described Y- 
grounder and Y-driver lines for memory addresses 
00 through 99. Thus, it is possible to read and write 
in only one of memory addresses "A" or "B" at 
any given time, the same as for memory addresses 00 
through 99. However, as addresses "A" and "B" have 
a separate sense winding from addresses 00 through 99, 
a word from either of addresses 00 through 99 may be 
read out simultaneously with the word being read out 
of address "A" or "B." Because of the common X-driver 
and X-grounder lines, it is not possible to write separate 
words in both a memory address and either of addresses 
"A" or "B." However, the same word may be written 
in both addresses. As shown in FIG. 67A, the output 
of "A" and "B" sense amplifier 4400 is strobed by single- 
shot flipflops 6148 and 6150 in exactly the same manner 
as memory sense amplifier 4399, as was just described 
in detail. The strobed signals from sense amplifier 4400 
operates a transistor logical AND 1164, which triggers 
flipflop 6056 in response to a negative-going impulse from 
"A" and "B" sense winding 891. As the complete read- 
write cycle of operation of addresses "A" and "B" is, for 
all practical purposes, exactly the same as the just-de- 
scribed read-write cycle for memory addresses 00 
through 99, a description thereof would only result in an 
undue repetition, which is not deemed necessary for a 
full understanding of the mode of operation thereof in 
view of the just-described read-write cycle for memory 
addresses 00 through 99. 

27. Format of Instruction Words Generally 

In order to perform the functions of a "general pur- 
pose" type computer, the present computer is provided 
with eighteen different types of general purpose "instruc- 
tions" which it, in a sense, "obeys" in order to allow the 
programmer to solve almost any type of mathematical 
problem. For reasons to become more apparent here- 
inafter, the just-described magnetic core memory stores 
both "instruction" words and data words, which appear 
as one and the same as far as the computer memory is 
concerned — i.e., a ten-digit binary-coded decimal num- 
ber — and, to alleviate the necessity of providing "plus" or 
"minus" indications to identify positive and negative 
numbers, a negative number is stored in the computer 
memory as its complement. For example, the minimum 
negative number that is effectively stored is OOOOOOOOOl, 
whose complement is 9999999999; the maximum nega- 
tive number that is effectively store is lOOOOOOOOO, whose 
complement is 9000000000. Thus, the maximum positive 
number stored is 8999999999. Both data and instruc- 
tion words may essentially be stored in the computer 
memory either by indexing the words in the accounting 
machine keyboard portion of the computer, by totaling 
or subtotaling selected totalizers of the accounting ma- 
chine, by reading the words from the magnetic strip por- 
tion of the ledger cards, or by reading the words from 



punched cards or paper tapes via conventional, com- 
mercially-available paper tape and card readers. 

Programming the computer consists essentially of 
writing two related programs, the first program of which 
5 is written for the accounting machine portion of the com- 
puter, which programming consists of designing mecliani- 
cal stops which are placed on the form-bar portion of the 
accounting machine, in a manner fully described in the 
before-referred-to Patent No. 2,626,749. In program- 
10 ming the accounting machine, the programmer decides 
at what carriage columnar position the program is to 
start and the columnar position to which the carriage is 
to be moved by subsequent machine cycles. The stops 
on the form bar may be thought of as "instructions" to 
15 tiie accounting machine which are physically located in 
unique places on the form bar, a group of stops (i.e., in- 
structions) being termed a "program." 

llie program is effectively carried out by the account- 
ing machine, by "sampling" each stop, starting with the 
20 first stop, and performing the sequence of actions called 
for by each slop as tlie carriage sequentially moves from 
stop to stop. Finally, the carriage is returned to the first 
stop to permit the program to be repeated if desired. It 
is to be noted, hovvfever, that only one instruction is 
25 carried out at any given time. The mere placing of the 
form bar on the accounting machine, or the pla-cing of 
particular stops on the form bar, does not, in and of it- 
self, cause the accounting machine to carry out the opera- 
tion specified by either of the stops. 
30 The second program essentially to be written is in the 
form of a sequential group of instruction words, that 
are to be stored in the computer memory, comprising a 
group of words ten decimal digits in length. The com- 
puter "samples" only one of these words at any one time, 
35 and, after carrying out that particular instruction, the 
computer tiien samples the next instruction word. The 
mere placement of the instruction words in the computer 
m-emory does not cause any instruction to be carried out, 
in the same manner that the mere placement of a form 
40 bar on the accounting machine does not necessarily 
cause any of the stops to be sampled. 

To start the accounting machine program, a machine 
cycle is first initiated, which allows the accounting ma- 
chine to "sample" the first stop in the program and carry 
45 out that particular instruction. After the computer car- 
ries out its instruction, it effectively "moves on" to the 
next instruction in the program, just as the accounting 
machine "moves on" to the next stop on the form bar. 
If desired, the computer program may be so written that 
50 the computer returns to the first instruction after it has 
finished t!\e last instruction, to permit the program to be 
repeated. 

As previously mentioned, there are eighteen basic in- 
structions which the computer executes. Five of these 
55 basic instructions concern the ledger card and the ac- 
counting machine; one concerns reading paper tape; and 
twelve are concerned with arithmetic and control func- 
tions within the computer. Of these eighteen different 
types of instruction words, there are three types of in- 
60 struotion word formats. The first type of instruction 
word format is that of a "modified three" or "four ad- 
dress" instruction word. Nine of the basic instruction 
words have a second type of format, which takes advan- 
tage of the ability of the computer to increment addresses 
65 in an instruction word, as will be more fully described 
hereinafter. The remainder of the basic instruction 
words have a third type of format, which is peculiar to 
the function effected by that particular instruction words. 
The structure of every instruction word is effectively 
70 "divided" into five groups of two decimal digits each, 
with each group hereinafter being called a "section." The 
first section is the two highest-order decimal digits of the 
instruction Vvford and represents the code number identi- 
fying that particular instruction, the code numbers rang- 
75 ing from 00 through 17; the second section normally 
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identifies either the memory address location of the first 
data word or the address of an instruction modifier; the 
third section normally identifies the address location of 
either the first or the second data words; the fourth sec- 
tion generally identifies the address of the result; and the 
fifth section usually identifies the address of the next 
instruction word in the program. 

As an example of a format of a particular instruction 
word, an "ADD" instruction is illustratively utilized. 
Suppose that two amounts are to be added, one amount 
being located in memory address 42, the other amount 
being located in memory address 50, the sum of these 
two amounts is to be stored in memory address 52, and 
the next instruction word is stored in memory address 32. 
As the code number for an ADD instruction is 08, the 
instruction word appears as illustrated below: 



Ins tnicl Ion Word Format 


Sect. 1 


Sect.. 2 


Sect. 3 


Sect. 4 


Eect. .5 


08 


42 


60 


62 


32 



After the addition operation is completed, the com- 
puter, in a sense, "looks" in memory address 32 for the 
next instruction. Also, following the addition, the words 
in memory addresses 42 and 5^ remain the same as be- 
fore, even though each was involved in the addition 
operation. However, regardless of the word originally 
stored in memory address 52 before the addition, memory 
address 52 now contains the sum word derived from the 
addition. The reason for this is that a memory address 
is automatically cleared prior to storage of another word 
in that particular address. Consequently, only the sum 
word is stored in the sum address. 

A characteristic of nine of the eighteen instructions is 
the ability to effectively increment section 3 or decre- 
ment section 4 of any instruction word. That is, if one 
operation is called for which is to be sequentially per- 
formed on several words that are stored in memory loca- 
tions having sequential addresses, it is not necessary to 
utilize a separate instruction for each operation per- 
formed, or to build an address-incrementing loop. 

An example of an instruction in which address incre- 
menting is utilized is the "enter-keyboard-words" instruc- 
tion, abbreviated as EKW, having a code number desig- 
nation "00," and interpreted by the computer as: "The 
words subsequently indexed in the accounting machine 
keyboard are to be sequentially stored in memory address 
locations X through Y, where X and Y are specified in 
section 2 and section 4, respectively, of the instruction 
word." Thus, if several sequential entries are to be 
indexed in the accounting machine keyboard, it is, of 
course, obvious that these successive entries must be 
stored in adjacent memory address locations. If it were 
necessary to utilize a separate instruction word for stor- 
age of each of the keyboard entries in a designated 
memory address, ten instruction words would then be 
necessary to store ten entries in memory. However, with 
an address incrementing instruction, all ten entries are 
sequentially stored by the use of only one instruction 
word. This incrementing feature not only simplifies pro- 
gramming, but also reduces the required number of in- 
struction words necessary for completion of a given pro- 
gram. When utilizing an instruction with an address- 
incrementing format, the programmer speciiies, in section 
3 of the instruction word, the memory address of the first 
word on which an operation is required, and specifies, in 
section 4 of the instruction word, the memory address of 
the last word on which an operation is required. The 
only restriction is that the address specified in section 4 
of the instruction word must bo equal to, or greater than, 
the address specified in .section 3. Therenficr, the com- 
puter sequentially generates each of the address locations 
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between those two specified, even if the original instruc- 
tion word is no longer stored in memory. However, after 
the instruction has been executed, the original instruction 
word may remain in memory unchanged, if desired. 

28. Format of Enter-Keyboard-Words Instruction 
Word {EKW— 00) 

The EKW instruction is utilized when amounts are to 
be entered, and thus stored, in the computer memory, 
either by the Vv'ords being indexed in the keyboard or by 
a preselected totalizer within the accounting machine 
being totalized. With only a single EKW instruction, 
from one to one hundred difl^erent amounts may selec- 
tively be stored in sequentially-ascending memory ad- 
dresses. However, in order to enter the amount indexed 
in the accounting machine keyboard, a machine cyclci 
of operation must first be initiated. The particular motor 
bar of the machine to be depressed to initiate a cycle of 
operation thereof is specified in the instruction word by 
the programmer. In this way, the programmer is as- 
sured that the correct motor bar is automatically de- 
pressed for each amount entered. Hence, there is pre- 
vented the possibility of the accounting machine carriage 
becoming out of synchronism with the program in the 
computer due to the operator's depressing the wrong 
motor bar. When the computer is "ready" to carry out 
on EKW instruction, the "enter-keyboard-words" lamp, 
illustrated in FIG. 1 as EK, is illuminated. The operator 
thereafter indexes the amount into the accounting ma- 
chine keyboard and then depresses the "resume-program- 
bar." Immediately thereafter, the computer automati- 
cally effects depression of the particular motor bar speci- 
fied in the instruction word. Consequently, a cycle of 
operation of the accounting machine is thereby initiated, 
and the amount just indexed in the keyboard thereof is 
entered into the selected memory address. 

In order for the programmer to prepare an instruction 
word which instructs the computer to enter words into 
memory, from either the accounting machine keyboard or 
the totalizers therein, the two-digit decimal number for 
each of the five sections of the instruction word must be 
specified, the composite ton-digit decimal number there- 
after representing the desired instruction word, as before 
stated. As the code number designation for an EKW 
command is "00," the two decimal digits in section 1 of 
the instruction word are, likewise, "00." In section 2 of 
the instruction word, the high-order decimal digit therein 
designates the motor bar code, and the low-order deci- 
mal digit therein designates the decimal point lamp code; 
section 3 designates the memory address in which the first 
word entered from the accounting machine is to be stored; 
section 4 designates the memory address in which the last 
word entered is to be stored; and section 5 designates the 
memory address location of the next instruction word in 
the program. Listed below, in chart form, are the vari- 
ous codes specified by section 2 of the instruction word 
and to which the computer is responsive: 



00 


Section 2 of the 


Instruction AVord 


Higli-Order TOgit. of Pcction 2 
Molor-Bar Code 

fix Toucli Uijpsr yiotax Bar 
U ITolri Upper Motor liiir 
•jj; Touch Miilfilc Motor Bar 
3.C Itold JiIiddlD Motor Bar 
4i- Tour-li Lower Motor Bar 
^ Hohl Bowor Motor Bar 
S.£ Xo ilotor Bar (liCW only) 


Loir-Ordcr Dipit of Section 2 
Declmal-Foint Lamp Code 


6,5 


xd Between Columns 2 and 3 
x\ Between Cotunirts 5 and fi 
12 Between columns 8 and 9 
x'i Automatic-] lesiime-Brogram 

Witt) decimal point between 

coiumns 2 and 3 



70 If desired, the programmer may instruct the computer 
to illuminate a preselected one of the three decimal point 
lamps to give a visual indication on the accounting ma- 
chine keyboard as to the decimal point location for the 
amount to bo indexed, decimal point iainp P</i being lo- 

7,5 catcd on the keyboard between amount rows 2 and 3, 
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decimal point lamp PI being located between amount 
rows 5 and 6, and decimal point lamp P2 being located 
between amount rows 8 and 9. 

When the decimal point is desired between rows S and 
6, the computer illununates lamp PI between these rows 
even though the amount 0.455,85 is printed as 0,465.85, 
and, when a decimal point is desired between rows 8 and 
9, the computer illuminates lamp P2 between these rows 
oven though the am-ount 0.465,855,55 is printed as 
0,465,855.55. 

As an example, suppose that three amounts are to be 
s'-ored in memory. The first amount is desired to be 
stored in memory address 45, the second amount is de- 
sired to be stored in memory address 46, and the third 
amount is desired to be stored in memory address 47. 
Consequently, the desired address of the first word to be 
entered is placed in section 3 of the instruction word, 
and the desired address of the last word to be entered is 
placed in section 4 thereof. It is also assumed that, when 
the resiime-program bar is depressed, it is desired that 
the computer automatically initiate depression of the 
middle motor bar 27 for a "touch" operation (code 2x), 
thereby effecting a cycle of operation of the accounting 
machine and thus enter the first amount into memory. 
Further assumed is that the decimal point lamp located 
between rows 5 and 6 is to be illuminated (code xl) and 
the next instruction is located in memory address (f>2. 
Therefore, the instruction word appears as shown below: 



Sect. 1 


Sect. 2 


Sect. 3 


Sect. '1 


Sect. 5 


00 


21 


45 


47 


C2 



If the first amount to be indexed is 0.025,00 and enter- 
kcyboard-words lamp PI is illuminated, amount key #2 
of row 4 and amount key #5 of row 3 are manually de- 
pressed first. Thereafter, the resume-program-bar is man- 
ually depressed, and, consequently, the computer auto- 
matically cfi'ects depression of the middle motor bar 27 
for a "touch" operation. The amount thereafter printed 
appears as 0,025.00. If the printing of cents ".00" is not 
desired, a particularly designed stop is placed on the form 
bar to suppress printing thereof. 

When a negative amount is to bo entered into the com- 
puter memory, reverse key "REV" is initially depressed. 
This not only causes the amount to be printed with a 
"diamond" symbol printed to the right thereof, but, in 
addition, causes the complement of the number to be 
stored in memory as a "credit balance." Negative 
amounts previously stored in the totalizers of the account- 
ing nicichine are automatically stored in the computer 
memory as complements thereof. 

There are three ways to lota! or sub-total the amount 
in the computer memory by means of the EKW instruc- 
tion. If the carriage of the machine is stationary and the 
non-select key "NON SELECT" is depressed, both the 
desired totalizer and the particular type of arithmetic op- 
eration arc selected by the totalizer control keys, so that, 
when the resum.e-program-bar is depressed, the motor bar 
specified in the instruction word is automatically de- 
pressed by the computer, and the amount in the selected 
totalizer is transferred into the computer m.emory; if the 
carriage is stationary on a stop and the resume-program- 
bar is depressed, the computer automatically effects de- 
pression of the desired motor bar, and the amount in the 
totalizer is entered into the computer memoiy, the total- 
izer in which the am.ount is initially stored being deter- 
mined by the stop on the form bar; and, if the carriage is 
moving in either direction and is stopped over a non-auto- 
matic stop, depression of the rcsume-program-bar effects 
depression of the desired motor bar to transfer the amount 
into the computer memory, the amount being transferred 
coming from the stop-selected totalizer. However, if an 
automatic-resume-program instruction (code--t3) is placed 



in the decimal point lamp code position in the instruc- 
t:o;i v/ord, the preselected motor bar is automatically op- 
crated by the computer as scon as the carriage is stopped, 
even though the resume-program-bar was not depressed. 

5 The autom.aiic-rosumie-program instruction, in effect, de- 
presses the resumo-program-bar automatically, and the 
word printed out has its decimal point in the normal po- 
sition. For example, suppose that a totalizer is to be sub- 
toialed and the contents thereof stored in memory address 

jQ 62. Assuming that a middle rotor bar "touch" operation 
is desired, along with an automatic-resume-program oper- 
ation, the instruction word appears as "00 23 62 62 48," 
the space between each pair of decimal digits indicating 
the five sections of the instruction word. As soon as the 

jg carriage comes to rest on a stop, the middle motor bar 
27 is depressed, regardless of which direction the carriage 
was moving when the stop was engaged. Thus, the auto- 
matic-resumc-program instruction eliminates the need for 
automatic stops for tlie carriage. The numeral "6" in 

9Q the motor bar code specifies that a motor bar is not to 
be operated and is used only for an "enter-card-word" 
instruction (ECW), which is to be more fully described 
hereinafter. Since a machine cycle is required to enter 
the indexed amount from the keyboard into the computer 

95 memory during an EKV/ instruction, the numeral "6" 
placed in the motor bar code has no significance in this 
instance. 
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29. Format of Prlnt-Out-Words Instruction Word 
iPOW—Ol) 

By utilizing but a single "print-out-words" instruction, 
it is possible to selectively initiate the printing out of mem- 
ory from one to one hundred words. If the memory 
address locations of the words are in sequential order, the 
words are printed out sequentially, and, thus, only the 
addresses of the first and last words to be printed out 
need be specified. The first word printed is the word lo- 
cated in the lowest-numbered memory address, whereas 
the last word printed is the word located in the highest- 
numbered address. As with the "enter-keyboard-words" 
instruction, just described, a choice of any one of three 
decimal point positions is possible, with a comma being 
printed in the decimal point location, the actual "dot" 
designation being located in exactly the same position for 
every word printed out, regardless of the actual decimal 
point location. 

In order to compose an instruction word which effec- 
tively instructs the computer to print out selected words 
stoned in mcfnory, a two-digit number is, in a sense, 
"written" for each of the five sections of the instruction 
word, as before. First, the code for POW (ie., 01) is 
placed in section 1 thereof; the motor bar code and deci- 
mal point code are placed in section 2, the same as for the 
EKW instruction; in section 3 is placed the address of the 
first v,'ord to be printed out; in section 4 is placed the ad- 
dress of the last word to be printed out; and in section 5 
is placed the address of the next instruction in the pro- 
gram. 

When the computer is in the process of carrying out a 
POW instruction, depression of the preselected motor bar 
is effected only while the carriage is positioned on a stop, 
or the "non-select" key is depressed. However, as soon 
as a FOW instruction is presented to the computer during 
any part of the program thereof, depression of the pre- 
selected motor bar is automatically effected by the com- 
puter when the carriage arrives at the next stop, or if the 
carriage is already positioned on a stop. Hence, a nu- 
meral "3" in the low-order digit position of section 2 of 
the instruction word has no significance in a POW instruc- 
tion for initiating an "automatic-resume-program" oper- 
ation. 

If it is desired that the computer automatically print 
out the three words that are stored in memory addresses 
44 through 46, for example, with the decimal point lo- 
cated betvreen amount columns #2 and #3, with an upper 
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motor bar "touch" operation, and with the next instruc- 
tion coining from address 88, an instruction word capable 
of initiating this sequence of operations 01 00 44 46 88. 
In response to the POW instruction, the computer auto- 
matically prints out the words from memory addresses 44 
through 46, one below the other in a single column, and 
at a speed of approximately one hundred words per min- 
ute. It is to be noted, however, that, when a word is 
read out of memory during a printing operation, the word 
nevertheless remains in that address after the printing op- 
eration, somewhat similar to sub-totaling a lOiallzcr in liie 
accounting machine portion. 

When negative words are effectively printed out of 
memory, the computer utilizes the "X" totalizer to obtain 
the absolute value of the word prior to printing, just as 
the accounting machine utilizes the "X" totalizer to com- 
plement "negative" words stored in the accounting ma- 
chine totalizers, as previously described. The negative 
words are printed out in red, with a "CR" sym.bol to the 
right thereof. Therefore, it is obvious that the "X" total- 
izer must contain a "zero" count at that point in the pro- 
gram when negative amounts are to be printed out. When 
printing out a negative word, the accounting machine 
automatically cycles twice, and the required motor bar 
need only be depressed once. Also to be noted is that, 
when a negative word is printed out of memory, all 
"hold" motor bar operations produce the same effect as a 
corresponding "touch" motor bar operation. It is to be 
further appreciated that, while a word is being printed 
out, the word also may be simuUaenousIy added to or 
subtracted from any preselected one, or ones, of the total- 
izers in the accounting machine. There is, in a sense, no 
limit to the number of totalizers to which the word is 
added; however, in one cycle of operation, the word is 
subtracted from a maximum of only two totalizers. 

30. Format of Enter-Card-Words Instruction Word 
{ECW—02) 

As previously mentioned, the magnetic ledger cards 
utilized by the present computer are provided with a strip 
of saturable ferromagnetic material positioned along the 
leftmost side of the front face of the card and having a 
width of approximately one inch. A plurality of words 
are selectively and sequentially recorded from memory 
on the magnetic strip, under control of the computer, 
with the use of but a single instruction word, and, when 
the ledger card is thereafter mechanically fed into the 
card-handling portion of the computer, these words are 
effectively reproduced by the sensing mechanism thereof 
and again stored in memory. 

The ECW instruction io similar to the EKW instruc- 
tion in that it has what is known as a "string-of-addresscs" 
format. Consequently, all the words recorded on the 
magnetic strip of a card are effectively stored in memory 
in sequential addresses with only one ECW instrui^tion. 
It is to be noted that the computer is not responsive to an 
ECW instruction unless the carriage is in "home" position. 
However, if the previous instruction was a "record-on- 
card" instruction, which is to bo described hereinafter, 
the carriage is thereafter in home position; if the car- 
riage is not in home position, it is placed there either by 
program control or by manual manipulation thereof. 
When the computer starts to execute an ECV/ instruction, 
the carriage first opens, and the "end-card" lamp (EC, 
FIG. 1) is illuminated and thus indicates that the card- 
handling portion of the computer is ready to prcpsriy re- 
ceive a ledger card. 

After the ledger card has been aligned on the card load- 
ing table 232 (FIG. 1), the card is captivated, and the 
data magnetically recorded thereon is tlicreaftcr repro- 
duced or "read" by the reading mechanism of the com- 
puter. During the process of reading the rnagneticrrlly- 
recorded data, the card is physically translated by th? card- 
handling mechanism past the read-write head as:;cni':'Iy 
343 (FIG. 19) and into tiie carriage of the accoiinting 
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machine, as previously described. During the time the 
ledger is thereafter being driven outwardly from the car- 
riage, tile computer has the selective ability to either stop 
liio card on the next posting line, or permit the card to 
be ejected. 

If it is assumed that a "manual" mode of operation is 
specified, when the card is positioned on the next posting 
line, the carriage thereafter remains open to per.iiit inser- 
tion thereinto of other record-keeping forms, if desired. 
After the form or forms have been inserted into tire car- 
riage, the resu.mc-program-bar must be depressed to initiate 
the next cycle of operation. Consequently, the carriage 
closes, and the computer automatically operates tiic de- 
sired motor bar, if specified by tile high-order digit located 
in section 2 of the instruction word. 

If the desired sequence of o|x;ration3 does not necessitate 
the insertion of additional forms into the carriage, the 
computer is instructed to close the carriage and to operate 
tile preselecled motor bar immediately after the card has 
been automatically placed on the correct posting line, 
'lb accomplish this, an "automatic-resume-prograra line- 
find" code is placed in the lov,'-order digit position of sec- 
tion .2 of the instruction word. Consequently, it is not 
necessary to thereafter depress the resume-propram-bar 
to initiate a cycle of operation of the accounting machine. 
After the ledger card has been either placed on a posting 
line, or ejected, it is necessary for the carriage to be 
closed. ]f the card is positioned on a posting line, the 
cari-iage is closed either by depression of the resunie-pro- 
gram-bar or by specifying an "automatic-resumc-program" 
in the instruction word; if an "eject card" code (.r8. Chart 
III) is specified and the string-of-addresscs is filled, the 
card h ejected, and tise carriage is closed automatically. 
After the carriage is closed, the motor bar code instrac- 

3,5 tion, specified by the high-order digit of section 2 of the 
instruction word, is carried cut, thereby completing the 
ECW operation. 

The code for ECW — i.e., 02 — is in section 1 of the in- 
struction word; the motor bar and linefmd codes are in 

40 section 2 thereof; in section 3 is the memory address into 
which the first word read from the card is to be stored; 
in section 4 is the memory address into which the last 
Vi'ord read from a card is to be stored; and in section 5 
is the memory address of the next instruction v.'ord. 

,15 The "line-find" code for an ECW instruction is as illus- 
trated below and also as subsequently shown in Chart III. 

xQ — Enter ne^v card with manual resume-program. 

xl — Stop on first linefind with manual resume-program. 

.v2 — Stop on second linefind with manual resume-program, 
fl'^ .v3 — Stop on third linefind with manual resume-program. 

A'5 — Stop on first linefind with automatic resume-program. 

.t6 — Stop on second linefind with automatic resume-pro- 
gram. 

,v7 — Stop on third linefind with automatic resume program. 
''•' ,v8 — Eject card. 

During normal operation of the computer, there may 
be as many as three areas on the face of the ledger card 
onto which posting is to selectively be made. By use 

CO of the proper line-find code in the low-order digit position 
of section 2 of the instruction word, the card is selectively 
positioned on the next posting lino in any one of the three 
srcas thereof. An "xl" or "x5" m the low-order digit 
position of section 2 causes the card to be positioned on 

05 the nest posting line in the topmost area of the card; 
an ".v2" or "x(i" causes the card to be positioned for post- 
ing in the middle area; and an "x3" or "xl" causes the 
card to be positioned for posting in the lowermost area. 
This permits the words on the card to be grouped for 

70 simplicity of programming and mathematical operations. 
For example, a ledger card designed for payroll applica- 
tion usually has two posting areas whereby relatively fixed 
data, such as employee's clock number, number of de- 
pendent;;, eai'ning r:Ue, deductions, etc., are posted in r.n 

75 tirea at the top of (lie card, whereas employee's carninss, 
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taxes, and deductions for each pay period are posted in 
tlie :irea of the main body of the CLirJ.. In addition to 
being printed on t1ie face of the card, this information 
is also magncticany recorded on the masnctic strip cf the 
ledger card. 5 

For payroll posting, for example, an "a-2" or ".y'S" is 
placed in the low-order digit position of section 2 of the 
instruction word. However, if it is desired to chanae the 
fixed data at the top of the card, an ".rl" or ".v5" is placed 
in the low-order digit position of section 2 of ttie inslriic- xq 
tion word. 

In a payroll application in which the words magnetical- 
ly recorded on the ledger cards are indicative of an em- 
ployee's earning record, the cards are sequentially fed into 
the card-handling portion of the computer and are posted 15 
one at a time. After the information recorded on each 
card is magneticaliy rcprooKced and stored in memory, 
the csirriage of the accoimling machine remains open to 
permit a pay check to be inserted, as before stated; when 
the resume-program-bar is depressed, the carriage closes. 20 
]f it is desired that the middle motor bar is to be auto- 
matically actuated for a "touc'i" operation, if there arc 
fifteen v/ords to be magRcticaHy read from the kdger 
card and stored in memory addresses 3<l> through 44, and 
the next instruction vv'ord is stored in address 88, an in- 05 
struction word capable of initiating this particular seqiicnce 
of events is 02 22 30 44 S8. 

If it is assumed in the foregoing example that, when 
the carriage opened, there were no other forms to be in- 
serted therein and it was desired for the carriage to close 
immediately after the card was automatically positioned 
with the next line thereof ready to be posted, an "x6" 
code is placed in the low-order digit position of section 2 
of the instruction word, instead of an "xl," to effect 
automatic dosing of the carriage and automatic actuation 
of the desired motor bar. An instruction word capable of 
initiating this particular sequence of events is 02 26 30 
44 88. 

An "x8" code in the low-order digit position of sec- 
tion 2 of an ECW instruction word causes the computer 
to magnetically reproduce the required number of words 
ma.t^netically recorded on the ledger card strip and then 
immediately eject the card. This type of instruction word 
is used when it is desired to enter the information mag- 
netically recorded on the ledger card into memory, but, 
where it is not desired to post the card. Thus the ledger 
card is ejected immediately after the reading operation is 
completed. If there were ten words previously magneti- 
cally recorded on the card which are to be stored in 
memory addresses 55 through 64, an instruction word 
capable of initiating reading and ejection of the card 
without a motor bar being actuated is 02 68 55 64 88. In 
this instance, the card is first magnetically read and ejected, 
and then the carriage immediately closes and the com- 
puter proceeds to the next instruction v/ithout a motor 
bar being depressed. 

After a complete program is composed, a maximum 
number of ten of the instruction words, as composed, may 
be magnetically recorded on each of the ledger cards, if 
desired, and subsequently the program may then be stored 
in preselected memory addresses by sequentially reading 
and ejecting each of the ledger cards, in the manner pre- 
vioiisly described. A desirable featu.re of the present 
computer is that, by utilization of but a single ECW in- 
struction word, an entire program may be stored in the 
computer memory, v/hich program consists of any num- 
ber of instruction words recorded on any number of 
ledger cards, assuming, cf course, that the capacity of 
the memory is not exceeded. This is accomplished due 
to the fact tliat, if a card does not have a sufficient num- 
ber of words magnetically recorded thereon to fill the 
remaining string of memory addresses as specified in the 
instruction word, the card is automatically ejected after 
it is read and the contents thereof stored in memory. 
Thus, by specifying in the instruction word an exact num- 



ber of addresses to accommodate e.ich and every instruc- 
tion word in the program, the storage in memory of all 
of the instruction words is thereafter eflfected by only 
one ECV/ instruction word. 

For an example, it is assumed that a particular account- 
ing program consists of forty-five instruction words which 
are magnetically recorded on five ledger cards, four cards 
having ten instruction words magnetically recorded there- 
on, and one card having magentically recorded thereon 
the remaining five instruction words. If it is further 
assumed that the instruction words are to be stored in 
memory addresses <pi(i through 44, an instruction word 
capable of initiating this particular sequence of events is 
02 68 00 44 88. 

In carrying out this instruction, the ten instruction 
words magmetically read from the first ledger card are 
stored in memory addresses <pd> through r^9. Tliereafter, 
the ledger card is automatically ejected, as the ten instruc- 
tion words m.agnetically recorded thereon were of insuf- 
ficient number to fill the entire string of forty-five ad- 
dresses. After the fir.st ledger card i.s ejected, the infor- 
mation magnetically reproduced from the second ledger 
card is stored in addresses Itp through 19, and so on for 
the third and fourth cards, until the five v,'ords magneti- 
cally recorded on the fifth card arc stored in the addresses 
4(p through 44, thus filling the entire string of addresses. 
Even though the contents of the fifth card fills the remain- 
ing string of addresses as specified in the instruction word, 
the last card is ejected also because of the "eject-card" 
instruction code (.vS) wiiich appears in the low-order 
digit position of section 2 of the instruction word. After 
the fifth card is ejected, if the computer is operating in 
an "automatic" mode, the carriage of the accounting ma- 
chine closes, and the computer automatically proceeds 
to carry out the next instruction as specified by the in- 
struction word stored in memory address 88 without a 
motor bar having been depressed. Due to the fact that 
the computer reads and stores the information magneti- 
cally recorded on the ledger card and then automatically 
ejects the card if the number of words recorded thereon 
is insuificient to fill the remaining string of addresses, the 
exact numiber of words recorded on the card must be 
iiDown beforehand in order for an ECW instruction to 
properly initiate the desired sequence of operations. If 
there are a greater num.her of words magnetically re- 
coi'ded on the card than there are addresses remaining in 
the string of addresses, all the words are ignored that are 
magnetically read after the string of addresses is filled. 

For some applications, it may be desired to utilize 
a ledger card which does not have magnetically recorded 
thereon any information whatever, possibly not even a 
"linefind" information, which is to be described in detail 
hereinafter. In this instance, a "new-card" instruction, 
having a code of ".vO," is placed in the low-order digit 
position of section 2 of the instruction word to cause the 
instruction word to cause the ledger card to be magneti- 
cally "scanned," and to immediately be stopped after 
being scanned. Thereafter, the carriage is closed by de- 
pression of the resume-prograra-bar, and the accounting 
machine platen is then rotated m.aniially to position the 
card on the correct posting line. Consequently, the ad- 
dresses specified in section 3 and section 4 of the instruc- 
tion word have no significance in this instance. 

31. Fonntit of Rccord-on-Canl Instruction Word 
(ROC— 03 ) 

In the just-described payroll application, after each 
ECW operation is completed, during which all the amounts 
magnetically recorded on an employee's earning ledger 

70 card are automatically stored in the computer memory, 
the information is then used to compute the employee's 
taxes, deductions, and net pay. Thus, before the card is 
ejected, ail year-to-date amounts are up-dated, and new 
year-to-daie amounts and fixed data are recorded on the 

75 magnetic strip, thereby erasing the data previously re- 
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corded thereon. In addition, the new up-dated amounts 
are normally printed on the face of the ledger card. 

The "record-on-card" instruclion is quite similar io 
the "print-out-words" (POW) inslructions, in that the 
amounts recorded on the magn,;tic strip of the ledger card 
are previously stored in sequential memory addresses. 
In an ROC instruction word, section 1 thereof contains 
the code for the ROC instruction, i.e., 03; section 2 con- 
tains the miOdifier code for tlie basic "record-on-card" 
operation; section 3 contains tJie address in memory of 
the first word in the string of addresses to be recorded 
on the ledger card; section 4 contains the address in mem- 
ory of the last word of the string of addresses to be 
recorded on the ledger card; and section 5 contains the 
address in memory of the next instruction v.ord. 

For example, if ten amounts, or words, loc:i'cd in 
memory addresses 4 through 13, are to be magnetically 
recorded on the ledger card and the next instruction is 
located in memory address 88, an inslructioa word ca- 
pable of initiating this parLicular sequence of operaiions 
is 03 00 04 13 88. 

When the amounts are recorded on the magnetic strip 
of the ledger card, all non-significant zeros of the word 
are suppressed. Consequently, all zeros to the left of the 
most significant digit are replaced by one "end-of-word" 
symbol "*". Thus, the amount 1.95 is stored in memory 
as 0000000195 and yet is magnetically recorded on the 
ledger card as *195. 

To be more fully described hereinafter, in accordance 
with the present invention, the magnetic strip on a 
ledger card thirteen inches in lenglh is capable of having 
magnetically recorded thereon a maximum of approxi- 
mately one hundred decimal digits, with an end-of-word 
symbol "*" occupying the same space as one decimal digit. 
Thus, if all non-signincant zeros v.'ore not suppressed, it 
would not be possible to record more than ten words 
thereon if each word length was ten decimal digits. 
However, by suppressing all non-significant zeros, space 
is saved thereby and thus permits the possibility of more 
than ten amounts being recorded thereon. 7\s a negative 
number is stored as its complement, there are no non- 
significant zeros in this instance. Consequently, it is 
necessary at all times to record all ten decimal digits 
thereof. It is to be noted, however, that, if an amount, 
wheiher positive or negative, is ten decimal digits in 
length, an end-of-word symbol is not recorded. 

Before the computer is capable of initiating a record- 
ing operation on the ledger card, the carriage of the 
accounting machine portion thereof must be in "home" 
position, which, as previously mentioned, is approximately 
two inches from the extreme right-hand carriage posi- 
tion. Either a previous instruction in the program ef- 
fects the moving of the carriage to home position upon 
completion thereof, or the carriage is manually translated 
thereto. 

After a posting operation is completed, the ledger card 
is usually spaced upwardly by a distance of one posting 
line and thereafter magnetically recorded upon while 
being ejected. In addition, before the ledger card is 
ejected, the line on which the card was subsequently 
positioned is also recorded on the magnetic strip thereof 
Consequently, when the ledger card is again utilized, it is 
automatically placed on this line for the next posting 
operation. This automatic placement of the card on the 
next posting hne is herein calicd "linefinding," whicii is 
to be described in detail hereinafter. 

There are occasions. Ijowever, when it is not desired 
to alter the linefinding information on the card. To pre- 
vent the linefinding information from being altered sub- 
sequently, the number "01" is placed in section 2 of the 
instruction v/ord; when norma! recording of the fincfind 
information is desired on a single linefind card, the num- 
ber "0" is placed in scct'on 2 of t!;o instruction v.-ord; 
and, with a multiple linefind card, "i}2" is pL'iceJ in sec- 
tion 2 of the instruction word. 
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After the entire recording operation on the ledger card 
is completed and the card is ejected, the carriage remains 
in home position, v/itli the paper guide open. However, 
if the next step in the program necessitalcs the carriage 
to be moved away from horaeposition, the paper guide is 
first closed, either by an instruction involving a motor 
bar, or by manual depression of the carriage open-close 
key. 

32. Format of SHIFT Instruction Word (SHF—04) 

The "shift" instruction is utilized to effect the shifting 
of a word stored in memory by a predetermined number 
oi: decimal digits in either direction. Thereafter, the 
shifted word is selectively stored either in the same 
address or in another selected address in memory. The 
code for the SHF instruction — i.e., 04 — is in section 1 
of the instruction word; in section 2 of the instruction 
word is placed the "shift" and "direction" code; in section 
3 is the address of the v/ord to be shifted; in section 4 is 
the address in which the result is to be stored; and in sec- 
tion 5 is the address of the next instruction word. The 
"shift" and "direction" code for an SHF instruction is 
shown below, whore "n" specifies the number of shifts 
from zero to nine. 

00— No shift. 

2« — Shift left. 

3.1 — Shift right and round. 

4n — Shift right. 

5n — Shift right v/ithout preserving sign. 

As an example, an instruction word captible of initiat- 
ing the copying of a v/ord from memory address 5,!' into 
memory address 79, with the next instruction word lo- 
cated in memory address 81, is 04 00 50 79 81. Since a 
"00" code is placed in section 2 of the instrtiction word, 
the word stored in address 5r'j is simp'y stored in address 
79. After the instruction has been carried out, the same 
word appears in both of tiddresses 5^ and 79. The above 
instruction v/ord printed out appears as 4,005,079.81. 
Thus, it is seen, an instruction word actually appears as 
a data word when printed out, with both types of words 
being stored in memory in exactly the same manner as 
previously mentioned. In fact, it will become more ob- 
vious hereinafter that an instruction v/ord is capable of 
being Rrithmeticaliy modified in the same manner as a 
data word. 

In the previous portion of the description, each of the 
instruction words has been illustrated as consisting of five 
distinct groups of numbers of two decimal digits each. 
This v/as done in order to emphasize the separate func- 
tions of each of the five sections thereof. Hov/ever, 
hereinafter, all instruction words will be designated in 
exactly the same manner as they appear while stored in 
memory. 

In the above example, suppose that the word in ad- 
dress 5rA is 0000000155 and is to be shifted three places 
to the left, which, in effect, multiplies the word by one 
thousand, and the result is to be stored in address 79. 
In this instSjnce, an instruction word capable of initiating 
tiiis particular sequence of events is 0423507981. After 
being shifted three places to the left, the word subsequent- 
ly stored in addrcra 79 is 0000155000. However, sup- 
pose instead that the word in address 5^6 is to be shifted 
one place to the right, which, in effect, multiplies the 
word by one tenth. In this instance, the instruction 
word is 044150798 1. After being shifted one place to 
the right, the word subsequently stored in address 79 is, 
in this instance, 0000000015. 

By placing the code designation "3/!" in section 2 of 
the instruction word, the word being operated upon is 
first shifted to the right "/i— 1" times, and thereafter 
the word 0000000005 is added thereto to round off the 
low-order digit thereof. Following the addition, the 
v/0]-d is shifted one more digit to the right, [n the pre- 
vious example, if the word initially stored in address 
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50 (i.e., 0000000155) is to be shifted ripht two places 
and then rounded, an instruction word capable of initiat- 
ing this sequence of events is 0432507981. The word in 
address 79, after being shifted and rounded, is new 
0000000002. 

When a negative word is shifted to the right in response 
to a "3n" or a "4n" code in section 2 of the instruction 
v/ord, 9000000000 is added to the word each time it is 
shifted, in order to preserve its sign. However, with 
a "5/!" code in section 2 of the instruction word, the 
word is shifted to the right without its sign being pre- 
served, and, whether the viord is positive or negative, 
a zero is effectively filled in as the tenth-order digit fol- 
lowing each shift. 

33. Format oj CLEAR-MEMOP.Y-ADDRESSES 
Instruction Word (CM A — OS) 

In a CMA instruction, use is again made of the ability 
of the computer to increment addresses. As a result. 
any number of addresses are cleared with the use of 
only one instruction word; v/hen an address is cleared, 
a word of all zeros is stored therein. For a CMA in- 
struction, the code therefor — i.e., 05 — is in section 1 of 
the instruction word; two zeros i-re in section 2 th.ercof; 
in section 3 is the memory address of the first word in the 
string of addresses to be cleared; in section 4 is the ad- 
dress of the last word in the string of addresses to be 
cleared; and in section 5 is placed tlie address of the next 
instruction v/ord to be acted upon. 

As an example, an instruction word capable of initiat- 
ing the clearing of memory addresses l(p through 2ip, 
with the next instruction word being stored in memory 
address 90, is 0500102090. 

34. Format of MOTOR BAR Instruction 
Word (MB— 06) 

The motor bar instruction effects the desired depres- 
sion of a preselected motor bar to initiate a preselected 
cycle of operation of the accounting machine portion of 
the computer. In section 1 of a motor bar instruction 
word is the code number "05"; in section 2 are the motor 
bar and decimal point codes, the same as previously 
described with respect to the EK\V instruction; zeros are 
in both section 3 and section 4; and in section 5 is the 
address of the next instruction word. In a MB instruc- 
tion, an "x3" code in section 2 of the instruction word 
has no significance, as, in this instance, an "6a-" code is 
placed therein to effect an "automatic-resume-program" 
operation. 

If a normal "dollar" decimal point and a middle motor 
bar "touch" operation is desired, with the next instruc- 
tion word being stored in memory address 66, an instruc- 
tion word capable of initiating this particular sequence 
of events is 0620000066. Consequently, as soon as the 
carriage reaches a stop, either by tabulation, carriage 
return, or depression of the "non-select" key, the des- 
ignated motor bar is operated, and the computer pro- 
ceeds onward to carry out the dictates of the next in- 
struction word. 

35. Format of STOP Jnsiruclion V/ord (STP—07) 

When a "stop" instruction is given to the computer, 
ail operations therein effectively come to a standstill, 
and lamp HA (FIG. 1) is illuminated. However, vyhen 
the resimie-program-bar is depressed, lamp HA is turned 
off, and the computer proceeds to carry out the next 
instruction. The code for a "stop" operation — i.e., 07 — 
is in section I of the instruction word; in sections 2, 3, 
and 4 thereof are zeros; and in section 5 is the address 
of the next instruction word. 

If the next instruction word is located in memory 
address S<p, an instruction word of this type is 
0700000050. 

36. Format of ADD Instruction Word (ADD — 08) 

In carrying out an "ADD" instruction, two words taken 



from mem.ory are added and the sum stored in any 
specified address thereof. The two words arc added i;i 
accordance v/ith the laws of algebra whereby the addition 
of two positive words results in a positive sum; the add;- 

5 tion of two negative numbers results in a negative sum; 
and the addition of a positive and a negative word results 
in a difference between the two words, tiio difference 
word having an algebraic sign of the operand having the 
larger absolute value. 

If) In section 1 of an ADD instruction word is the code 
designation therefor, i.e., 08; in section 2 thereof is the 
memory address of the "addend"; in section 3 thereof 
is the memory address of the "augend"; in section 4 is the 
address in memory of the sum; and in section 5 is the 

]g memory address of the next instruction v,-ord to be car- 
ried out. 

Thus, if the addend data word stored in memory ad- 
dress 17 is to be added to the augend data word stored 
in address 19, the sum data word is to be stored in 

20 memory address 21, and the next instruction word is 
located in memory address 22, an instruction Vi/ord ca- 
pable of initiating this particular secjuenee of events is 
0817192122. Since negative words are stored in memory 
as complements thereof, the addition of a positive word 

25 and a negative word, or the addition of two negatiN'c 
v/ords, results in the correct sum thereof. For example, 
if -|-222 is to he added to — 111, the addition operation 
carried out within the computer is 9999999889 plus 
0000000222 equals 00000001 11. 1£ —222 is to be added 

30 to —ill, the addition operation carried out within the 
computer is 9999999S89 plus 9999999778 equals 
9999999667, wliich is the complement of —333. 
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37. Format of SUBTRACT Instruction Word (SVB~09) 

I.ike the "add" instruction, the "subtract" instruction 
has a four-address format and obtains the diiTerencc be- 
tween any two words in accordance with the laws of al- 
gebra. 

In section 1 of a "subtract" instruction word is ilic 
code therefor, i.e., 0.9; in section 2 thereof is the memory 
address of the "minuend"; in section 3 is the memory ad- 
dress of the "subtrahend"; in section 4 is the memoiy 
address of the "remainder"; and in section 5 is the mem- 
ory address of the next instruction word. 

Suppose that the word in address 19 is to be subtracted 
froni the word in address 17, the remainder stored in ad- 
dress 21, and the next instruction word stored in address 
22. In this instance, an instruction word capable of 
initiating this particular sequence of events is 0917192122. 
According to the laws of algebra, when a negative word 
is subtracted from a positive word, the absolute values 
of the two words are added, and the sign of their sum 
is positive. Thus, if the word 0000000222 is stored in 
address 17 and the complement of — 444 is stored in 
address 19, the compulation carried out v.'iihin the 
computer is 9999999556 subtracted from 0000000222 re- 
sults in a rcm.ainder of OOOOQGO.jbG to be stored va ad- 
dress 21. If a positive word is subtracted from a nega- 
tive word, the remainder is a negative word whoso a.b- 
solute value is the sum of the absolute values of the 
two operands. Thus, if the complement of —222 is 
stored in address 17 and the word 0000000444 is stored 
in address 19, the computation carried out is 00000004-14 
s'.ibtracted from 9999999778 gives a remainder of 
9999999334 to be stored in address 21, 9999999334 being 
the complement of —656; if the complement of —222 
is stored in address 17 and the complement of — 444 is 
stored in address 19, the compulation carried is 
9999999556 subtracted from 9999999778 gives a remain- 
der of 0000000222 to bo stored in address 21; and, if 
the last-m.entiojied minuend and subtrah.end are inter- 
changed, the computation carried out is 999999977S sub- 
tracted from 9999999556 gives a remainder of 9999999773 
to be stored in address 21, 9999999 ;7a being t!ie comple- 
ment of —222. 
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The "sum" insts'iioiion is another of the instructions 
which take rdvantace ci the addrcss-ir.crementiiig ability 
of the comniiler and is i;tilizcd to effect algebraic addition 
of a piin-a'ity of words located in a corresponding plu- 
rality oC scqueafial addresses; thereafter, the total is slored 
in any preselected address in memory. 

The code number for tlic SUM instruction — i.e. ,10 — is 
in section 1 of the instruction word; the memory address 
into which the total is to bo stored is in section 2 thereof; 
the memory address of ths first word in the scries to bo 
added is in section 3; the memory address of the last 
word in the series to bo added is in section 4; and the 
mem.ory address of the ne.xt instruction vtord is in section 
5 thereof. 

Suppose iiiat all of the words located in addresses S^i 
through 84 are to bo added, the sum is to be stored in 
address 7* and the next instruction word is stored in 
address 85. In this instance, an instruction v/ord capable 
of initiating this particular sequence of events is 
1070803485. 

39. ronnat of ADD-PAIRS-OF-NUMDERS Iiistriidion 
V/ord (APN—11) 

By using the "add-patrs-of-numbers" instruction, from 
one to nine pairs of numbers are added together, and the 
sum resulting from each addition is returned to the ad- 
dress of the operand of the highest address in each pair. 

Jn this instance, the code number "11" for the APN 
instruction is in section 1 of the instruction word; the 
low-order digit of the number in section 2 thereof speci- 
fies tiie nuniijer of additions to be performed and the 
high-order digit tlsereof is a zero; the memory address of 
the first word of the pair is in section 3 thereof, and, 
after each addiiion, this particular address is incremented 
by "one" to obtain the memory address of the first word 
of the foiiowing pair to be used in the subsequent addi- 
tion; the memory address of the second word of the pair, 
which also corrcsi^onds to the memory address of the 
sum, is in section 4 of the instruction word, and, follow- 
ing the addition, the addi'css in section 4 is dccrerneiited 
by "one" to obtain the address of the second word of 
the following pair of words, which address also corre- 
sponds to the memory address into which the sum derived 
from the following addition is to be stored; and in sec- 
tion 5 of tiie instruction word is the address of the next 
instruction word. 

Suppose that "five" pairs of words are to be added, 
the first word of t'le first pair being stored in address 
15, the second word of the fir.it pair being stored in ad- 
dress 72, and the next instruction word being stored in 
address 88. An instruction v/ord capable of initiating 
this particular sequence of events is 1105157288. 

In carrying out the APN instruction, the sequence of 
events is as follows: The word stored in m.emory address 
15 is added to th.e word stored in memory address 72, 
and the smn resulting from the addition is stored in 
memory address 72; thereafter, the address specified in 
section 3 of the instruction word is incremented by "one" 
and thus bocom.es "address 16," instead of address 15, 
and, simultaneously therewith, the address specified in 
section 4 of tlie instruction word is decremented by "one" 
and thus becomes "address 71" instead of address 72; 
thereafter, the word in address 16 is added to the word 
in address 71, and die sum resulting from this second ad- 
dition is stored in address 71; thereafter, the addresses 
specified in section 3 and section 4 of the instruction word 
are respectively incremented and decremented by "one," 
and, thereafter, the word stored in address 17 is added 
to the word stored in address 7<j6, and so on, until the 
v.'ord stored in address 19 is added to the word stored in 
address 68 and the sum resulting from the last addition 
is stored in address 68. 

It is to be noted ihat, upon conipiedon of the carrying 
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out of the above-described iiPN iaslruciian, the five sums, 
resulting from the addiiion of the five pairs of nunrbers, 
are respectively stored in memory addresses 63 through 
72, while the first vvord of each of the five pairs of words 
lespcctiveiy remain in a corresponding one of memory 
addi'csscs 15 through 19. 

The APN instruction may be utilized, for example, in 
a payroll application where it is desired to add an em- 
ployee's deductions, such as "Community Chest," "Union 
Dues," "FICA," etc., to each of the respective weeiily 
accumulations thereof". All of sueli additions are autorna- 
ticaliy performed with only one instruction word, due 
to the fact that the addresses in section 3 and section 4 
of the instruction word are automatically modified by the 
computer during the execution of the instruction. Also, 
as win be seen later, due to the fact that an instruction 
word is stored in a "register" whiie the computer is ex- 
ecuting the instruction, tlie original instruction word nor- 
mally remains in memory even though the instruction 
specified by the instruction word has been previously car- 
ried out to comipletion. 

40. Formal of MULT/PLY-DOLLAR-DECIMAL Jn- 

stnicllon Word {MDD—-12) 

There are two multiply instructions which are utilized 
by the present computer. The first multiply instruction, 
"muJtipIy-and-store-dollar-deciniai" (MDD), is a "fixed 
decimal point" multiplication. That is, two words having 
a maximum of ten decimal digits each are muUipIied to- 
getlier to obtain a product thereof having a maximum of 
twenty decimal digits. After the multiplication, the prod- 
uct is shifted one decimal position to the right, and, ef- 
fectively, "five cents" is then added thereto in order to 
round off the low-order digit thereof. ■Ihereaftcr, tlie 
pioduct is shifted one snore decimal position to the right, 
and the ten low-order digits of the product are stoied 
in the "product" address. 

The numerical code for MDD — i.e., "12" — is in section 
1 of the instruction word; the address of the multiplicand 
is in section 2 of the insimction vvord; In section 3 there- 
of is the address of the multiplier; in section 4 is the ad- 
dress of the product; and in section 5 is the address of the 
next instruction word. 

If it is desired for the word in address 4i/> to be multi- 
plied by the word in address 5^, the product is to be 
stored in address 95, and the next instruction word is 
stored in address dip. An instruction word capable of 
initiating this particular sequence of events is 1240509560. 

According to the laws of algebra, the algebraic sign 
of the product depends on the sign of the tv.-o words mul- 
tiplied. That is, the algebraic sign of the product of 
two positive or two negative words is positive, while the 
algebraic sign of the product of a positive word and a 
negative word is negative. The MDD instruction is a 
special form of the "multip!y-and-shift-product" instruc- 
tion (MUS), to be described next, due to the fact that 
it is possible to obtain essentially the same result v/ith 
either instruction. However, upon completion of a MDD 
instruction, both factors are retained in their original 
addresses in memory. It is to be noted that in a MDD 
instruction, the address in section 3 of the instruction 
word should not also be tlie address into which the product 
is to be stored; otherwise the product is incorrect in this 
instance. 

41. Format of MULTIPLY-AND-SHIFT Instruction 

Word (MUS~13) 

The second multiply instruction, "mu!tiply-and-shift- 
product," in contrast to the MDD instruction, initiates 
a variable-decimal-point type of multiplication. Tliat is, 
the two words are first multiplied together to obtain the 
product thereof, which is stored in a twenty-digit register. 
Tliereaftcr. while in the re.fister, the product is shifted 
eitlicr to the left or to the right ;i predetermined nuinl)er 
of decimal digit posilions. After being shifted, the ten 
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low-order digits of the shifted product are placed in the 
product address in memory. 

it is to be noted that tlie absolute values of the two 
v/ords, without regard to any decimal point locations, 
are rnulUpIied together to obtain the product. Thereafter, 
the product is shillcd eiiher to the left or to the right 
by a maximum of nine decimal digit positions and then 
"rounded" if desired. As only th.e ten low-order digits 
of the shifted product are stored in niemory, all digits 
above the ten low-order digits are essentially ignored. 

In section 1 of an insauotion word for initiating a 
MUS command is tiie code therefor, i.e., 13; in the high- 
low-ordcr digital position of section 2 is the product 
"number-of-shifts" code; in the high-order digital posi- 
tion of section 2 is the product "direction-of-shift" code; 
in section 3 is the memory address of the multipHcand; 
in section 4 are the memory addresses of the miiltipiier 
and the product; and in section 5 is the memory address 
of the nexit instruction word. 

Suppose that the word in address 78 (O22220000O) is 
to be' multiplied by tlie word in address 89 (OOOOOOOC04), 
the product is to bo shifted five places to the I'ight, and 
the next instruction v/ord is stored in address 99. Thus, 
an instruction word capable of effecting the carrying out 
of this particular command is 1345897S99. Tlic product, 
before being shifted in the direction of and by the num- 
ber of places specified, is 00OOOO0000O88S8OO0OO. After 
being shifted five places to the right, the product stored 
in address 89 is 0000008888. 

Again, according to the laws of algebra, the algebraic 
sign of the product depends upon the sign of the two 
words being multiplied; the product of tv,'o positive or 
two negative words is positive, while the product of a 
positive word and a negative word is negative. It is to 
be noted that the positive or negative product stored in 
memory after the shifting operation is completed should 
not exceed the capacity of the compirter memory. Even 
though the multiplicand may have essentially any value, 
the absolute value of the multiplier, however, shoiLld not 
be greater th;m 995999999. It is also to be noted that 
the multiplier is effectively "lost" following a MUS com- 
mand. Therefore, to retain the multiplier, it is necessary 
that a "shift" instruction precede the MUS instruction 
in the program. 

42. Forma! of DIVIDE Instruction Word {DIV—14) 

The "divide" instruction is utilized to effect the divid- 
ing of one word by another in order to obtain a quotient 
thereof, with both the dividend and the divisor being 
treated as whole numbers during the division. 

In section 1 of an instruction word for effecting a DIV 
mathematical operation is the code therefor, i.e., 14; in 
section 2 thereof is the memory address of the dividend; 
in section 3 is the memory address of the divisior; the 
memory address of the quotient is in section 4; and in 
section 5 is the memory address of the next instruction 
word. 

As an example, if the word in address 43 is to be di- 
vided by the word in address 57, the quotient is to be 
stored in address ^2, and the next instruction word is 
stored in address 88. An instruction word capable of 
eft'ecting the carrying out of this particular command is 
1443570288. As before, the sign of the quotient is alge- 
braically determined by the algebraic signs of the two 
operands; if the two operands are of the same algebraic 
sign, the quotient is positive, and, if the two operands 
are of dissimilar algebraic signs, the quotient is negative. 
It is to be noted that, essentially, there is no limit to the 
maximum value of the dividend {x). However, the high- 
order digit of the absolute value of the divisor (y) should 
be a "zero," and the absolute value thereof is 999999999. 
Also, in this instruction, the address of the dividend (.t) 
should not be the same as that in which the quotient is 
to be stored; otherwise, the quotient is thereafter equal 
to 0010000000. 



43. Format of TAKE-ALTERNATE-INSTRUCTION- 

IF X^Y Instruction Word (CFM—IS) 

There are certain instances when it is desired for the 
computer to carry out an alternate instruction if a certain 

5 word in memory is equal to or greater than other particu- 
lar words in memory. With the use of a CFM instruc- 
tion, it is possible for the computer to algebraically com- 
pare the absolute magnitude of words located in two pre- 
determined memory addresses, and to use either the mem- 

10 ory address specified in section 4 or the memory address 
specified in section 5 of tils instruction word for deter- 
mining the next instruction word in the program, depend- 
ing upon the result of the comparison. 
In section 1 of the instruction word for effecting a CMF 

15 operation is the numerical code therefor, i.e., "15"; in sec- 
tion 2 thereof is the memory address of the first word 
(x) to be compared; in section 3 is the memory address 
of the second word (y) to be compared; in section 4 is 
the memory address of the next instruction word if the 

^0 word in the memory address specified by section 2 is 
equal to or greater than the memory address specified by 
section 3; and in section 5 is the memory address of the 
next instruction word if the word in the memory address 
specified by section 2 is less than the word in the memory 

25 address specified by section 3 of the instruction word. 

Thus, if the first comparison word (,v) is in address 
46, tlie second comparison word (y) is in address S<f>, 
the next regular instruction is in address 10, and the 
alternate instruction is in address 75. An instruction 

■''' word capable of initiating such a CFM operation is 
Ii5465075i0. 

44. Fonimt of TAKE-ALTERNATE-INSTRUCTION- 

IF X^,^Y Instruction Word {CFE—16) 

35 xhe CPE instruction is somewhat similar to the just- 
described CFM instruction, with the exception that the 
CFE instruction compares the two words only for 
equality. 

In section 1 of an instruction word capable of initiat- 

'^'^ ing a CFE operation is the code "16"; in section 2 and 
section 3 thereof are the memory addresses of the two 
words to be compared; in section 4 is the memory address 
of the next instruction word if the two words are of 
unequal magnitude; and in section 5 of the instruction 

*5 word is the memory address of the next instruction word 
if the two words are of equal magnitude. Thus, if the 
two words to be compared are located in memory ad- 
dresses (p5 and ^5, the regular instruction word is lo- 
cated in memory address l<p, and the alternate instruction 

50 word is located in memory address 78. An instruction 
word capable of initiating this type of operation is 
1605067810. 

45. Format of ENTER-PUNCHED-TAPE Instruction 
55 Word (EPT—17) 

The "enter-punched-tape" instruction utilizes the ability 
of the computer to increment memory address designa- 
tions in an instruction word. Consequently, by the use 
of but a single instruction word, any portion or even the 

60 entire capacity of the memory is selectively stored with in- 
formation read from a punched tape. The particular 
type of tape reader utilized by the present computer is a 
well-known commercially-available photoelectric type 
such as that designated as Model 903 and at present man- 

C5 ufactured by Potter Instrument Company, Inc. As the 
construction and mode of operation of such a tape reader 
are well known to those skilled in the art, a detailed de- 
scription thereof is not deemed necessary for a full and 
complete understanding of the present invention. How- 

70 ever, a brief description of the format of the decimal- 
coded digital information on the punched tape is given 
herein. 

With reference to FIG. 88C, the paper taps used in 
conjunction with such a tape reader is effectively divided 

75 into eight equally-spaced "channels," exclusive of "clock" 
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channel (CLK), which are disposed parallel with respect 
to each other and with respect to the length of the tape. 
A combination of perforations punched in predetermined 
ones of the channel positions, and in a line perpendicular 
to the length of the tape, collectively represent a particu- 
lar decimal digit or symbol. For example, an absence 
of a perforation in each of channels 1 through 4 repre- 
sents the decimal digit "zero," assuming, of course, that 
a perforation appears in the clock channel "CLK"; a 
single perforation in channel 1 represents the decimal 
digit "one"; a single perforation in channel 2 represents 
the decimal digit "two"; a single perforation in channel 3 
represents the decimal digit "four"; a perforation in chan- 
nel 1 and channel 2 collectively represent the decimal 
digit "three"; and so on, so that a perforation in chan- 
tiel 1 and a perforation in channel 4 collectively represent 
the decimal digit "nine." It is also to be noted that a 
perforation in channel 6 and a perforation in channel 8 
collectively represent an "end-of -frame" symbol (EOF), 
and a perforation in channel 6 and a perforation in chan- 
nel 7 collectively represent an "alternate-instruction" 
symbol (AI). 

In the operation of some of the various types of con- 
ventional paper tape punches, an odd number of holes, 
exclusive of clock channel (CLK), is required to be 
perforated in the tape to collectively represent a data 
digit or a symbol digit. Thus, if a data digit or a symbol 
digit is represented by an even number of holes, as shown, 
a hole is additionally perforated in channel 5 in order 
that an odd number of holes collectively represent that 
particular digit; if the number of holes is already an odd 
number, an additional hole is not perforated in channel 
S. Thus, in the above tape, a hole is additionally per- 
forated in channel 5 whenever the holes perforated in 
data channels 1 through 4 collectively represent either a 
"zero," a "three," a "five," a "six," or a "nine." Also, 
a hole is additionally perforated in channel 5 whenever 
the holes perforated in symbol channels 6 through 8 col- 
lectively represent either of the end-of-frame or alternate- 
instruction symbols. 

Therefore, whenever a hole is perforated in channel 6, 
as for symbols (EOF) and (AI), the digit is not con- 
sidered as "data." Consequently, data punching errors 
are cancelled simply by punching a perforation in chan- 
nel 6 along with each incorrectly punched data digit, and 
the computer is thereby instructed not to consider these 
data digits. A perforation in both channel 6 and chan- 
nel 7 effectively causes the computer to immediately stop 
the tape when the tape reader "senses" the "alternate- 
instruction" symbol (AI) and to carry out the "alternate" 
instruction specified in the instruction word. A perfora- 
tion in both channel 6 and channel 8 causes the computer 
to immediately stop the tape when the tape reader senses 
the end-of-frame symbol (EOF) and to carry out the next 
"regular" instruction specified in the instruction word. A 
"frame" may comprise from one to one hundred words 
ten decimal digits in length, with each word normally 
punched one digit at a time, starting with the high-order 
digit and ending with the low-order digit. However, each 
word is thereafter sequentially read one digit at a time, 
normally starting with the low-order digit and ending 
with the high-order digit. 

In an instruction word capable of initiating an "enter- 
punched-tape" operation, the code designation therefor 
(i.e., "17") is in section 1 thereof; in section 2 is the 
"direction code"; in section 3 is the memory address into 
which is stored the first word read; in section 4 is the 
memory address of the alternate instruction; and in sec- 
tion 5 is the memory address of the next regular instruc- 
tion. 

The "direction code" in section 2 of an EPT instruc- 
tion word determines the direction in which the tape 
is to be translated past the reading station. That is, a 
"00" causes the tape to be translated in a forward direc- 
tion to permit the reading of both data and symbol digits, 
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whereas a "01" causes the tape to be translated in a re- 
verse direction to permit the reading of symbol digits 
only. Thus, the operation of an EPT command not only 
is dependent upon the "direction code" in sestion 2 of 
the instruction word but, in addition, depends upon the 
particular type of digits to be read from the tape; i.e., data 
or symbol. However, when an EPT instruction is first 
initiated, the particular digit which is located directly over 
the tape-reader head, as represented by a particular com- 
bination of perforations, as heretofore described, may 
be either a decimal digit from "0" through "9", an end- 
of-frame symbol (EOF), or an alternate-instruction sym- 
bol (AI). 

Thus, suppose that the number "00" is in section 2 
of the instruction word and a combination of perfora- 
tions representing a decimal digit is located directly over 
the rending head at the beginning of the cycle of opera- 
tion. In this instance, the tape is translated in a forward 
direction past the reading station, and the first ten decimal 
digits read are stored in memory at the address specified 
in section 3 of the instruction word; the address in sec- 
tion 3 being incremented each time a ten-digit word is 
stored in memory. Data words are sequentially read 
from the taps and stored in memory until an cnd-of-frame 
symbol (EOF) is read, after which the tape is stopped 
and thereafter remains in position for the next recorded 
digit to be read therefrom. In the event the number of 
digits in a given frame does not equal an integral number 
of ten-digit words, "zeros" are effectively "filled in" in 
the remaining high-order digital positions of the data 
word stored in the last one of the memory addresses used, 
thus completing the word. Thereafter, the computer car- 
ries out the dictates of the next instruction word stored 
in the memory address specified in section 5 of the in- 
struction word. It is to be noted that the particular num- 
ber of words, thus stored, is not determined by the in- 
struction word. The number of words stored in memory 
in response to an "enter-punched-tape" instruction is de- 
termined solely by the number of words recorded on the 
tape between end-of-frame symbols. 

If, in the preceding example, an alternate-instruction 
symbol digit (AI) v/as positioned over the reading head 
instead of a data digit, the tape is then indexed forward 
by a distance of one digit, and the computer thereafter 
carries out the dictates of the alternate instruction word 
which is stored in memory at the address specified in 
section 4 of the instruction word. In the preceding ex- 
ample, an end-of-frame symbol (EOF) represents an 
"illegal" instruction for the computer. Consequently, in 
this instance, the computer ignores that particular instruc- 
tion and does not stop the tape. 

If an "onter-punched-tape" command (EPT) is initi- 
ated with the number "01" in section 2 of the instruction 
word and with a data digit initially positioned over the 
reading head, the tape first starts to rewind — i. e., is trans- 
lated in a reverse direction — and, consequently, the data 
information recorded on the tape is not read; thus no 
data is stored in memory from the tape. The tape con- 
tinues to rewind until an end-of-frame symbol (EOF) 
has been read. When the end-of-frame symbol is read, 
the coinputor immediately begins to carry out the dic- 
tates of the next instruction word stored in memory at 
the address specified by section 5 of the instruction word. 
Thereafter, the tape continues to rewind until an alter- 
nate-instruction symbol is read, at which time the tape 
is automatically stopped. 

Should an end-of-framc symbol digit be positioned over 
the reading head in the just-preceding example instead of 
a data digit, the tape starts to rewind, and the computer 
immediately begins to carry out the dictates of the next in- 
struction word which is stored in memory at the address 
specified in section 5 of the EPT instruction word. When 
an alternate -instruction symbol (AI) is thereafter first 
read, the movement of the taps is automatically stopped. 
However, if an alternate-instruction symbol has been po- 
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sitioned over the reading head, the tape starts to rewind 
and is slopped only when the next alternate-instruction 
symbol is read subsequent to an end-of-frame symbol. 
When the "end-of-frame" symbol is read, the computer 
starts ito carry out the dictates of the next instruction 
word which is stored in memory at the address specified 
in section 5 of the EPT instruction word, e^'en though 
the tape continues to rewind under the control of the 
tape unit only, and is automatically stopped when the next 
alternate-instruction symbol (AI) is sensed, all end-of- 
frame symbols (EOF) essentially being ignored. It is 
to be noted that successive "enter-punched-tape" instruc- 
tions should be separated by a minimum time lapse of 
approximately 3.5 milliseconds. sij'ii... 

In the preceding example, in which the code number j,- gitM 
"01" is in section 2 of the instruction register instead of 
"00" and the tape is in the process of being rewound, if 
a subsequent "enter-punched-tape" (EPT) command is 
initiated before the rewinding operation is completed and 
the code number "CO" is subsequently in section 2 of the 
instruction register, the computer essentially waits until 
the winding operation is completed before attempting to 
carry out the next succeeding "enter-punched-tape"' com- 
mand. 

46. Format Code Designations of Instruction Words 

As just described, the code designations for the eighteen 
instruction words are numbered from "00"' through "17." 
As will be seen later, the computer is properly responsive 
to any one of the code designations "00" through "09" 
even though the high-order digit thereof is any one of the 
even-numbered digits 0, 2, 4, 6, or 8. Thus, for ex- 
ample, the code designation for an "add" instruction (i.e., 
"08") is effective in initiating the proper sequence of oper- 
ations even though stored as "08," "2S," "48," "68," or 
"88." Also, the computer is properly responsive to either 
of the remaining code designations "10" through "17" 
even though the high-order digit thereof is any one of the 
odd-numbered digits 1, 3, 5, 7, or 9. For example, the 
code designation for an "add-pairs-of -numbers" instruc- 
tion — i.e., "U"— is effective in initiating the proper se- 
quence of operations even tliough stored as "11," "31," 
"51," "71," or "91." 

Following are three charts, respectively labeled I, 11, 
and III, which give an abbreviated listing and description 
of the various instruction words and formats thereof as 
previously described. 
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Where the asterisk represenis the address of the next reg- 
ular instruction and ( )c represents the operational code 
designation for that particular command as given by 
Chart II. 
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47. Instntction Execution Time 



The follovving formulas give the first-order approxima- 
tions of the time required for the execution of each of 
the previously-described ei^-hteen instructions: 
75 (GO — EKW) The computer starts to execute the next in- 
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structlon 0.250 second before the end of the iast ma- 
chine cycle initiated by the EKW instruction, the ma- 
chine cycle time being approximately 0.6 second. The 
total time (/) in milliseconds is given by the formula 
t=350+600{Y~X)-'r(Y-X+l)fi,, where X is the 
address in section 3 of the instruction word, Y is the 
address in section 4 of the instruction word, and /j, is 
the average time interval between depressions of the 
resume-program-bar. 

(01 — POW) The time required for POW is the same as 
that for EKW, except that /h in this instance is the 
amount of time that the accounting machine printer is 
delayed while the carriage is moving from one stop to 
another. 

(02 — ECW) The total time required to read and "line- 
find" a ledger card thirteen inches in length varies from 
1.5 seconds for a card on which posting is to take place 
on the topmost posting line thereof to 2.5 seconds for 
a fully posted card; the total time required to read and 
eject a ledger card thirteen inches in length is 2.8 sec- 
onds. For each inch decrease in length, the time re- 
quirement is decreased by approximately 0.2 second. 

(03 — ROC) The total time required to record on and then 
eject a ledger card thirteen inches in length varies from 
1.5 seconds for a new card to 2.5 seconds for a fully 
posted card. The total time required for reading and 
recording on the ledger card varies from 3.0 seconds 
for a new card to 5.0 seconds for either a partially or 
a fully posted card. 

(04 — SHF) The time required for a shift instruction de- 
pends on the particular digits placed in section 2 of 
the instruction register; i.e., the direction of shift and 
the number of shifts required. If the digits in section 2 
are (2n), (4n), or (5n), the total time (/) in millisec- 
onds is given by the formula ?=5.12-|-8.08n; if the 
digits are (3/2), then /=9.16-|-8.08«; and, if the digits 
are (00), then t is equal to 5.12 milliseconds. 

(05 — CMA) The time in milliseconds (/) required for a 
CMA instruction depends upon the number of memory 
addresses to be cleared and is given by the formula 
t=3.44+1.6S(,Y—X), where X is the address in sec- 
tion 3 of the instruction word and Y is the address in 
section 4 thereof. 

(05 — MB) The total time (?) in milliseconds required 
for an MB instruction is given by the formula 
/=350-[-/ii, where fh is the time elapsed before the 
start of the machine cycle. 

(07 — STP) The time (?) in milliseconds required for a 
STP instruction is given by the formula /=1.76-f ?i„ 
where ?ii is the time elapsed before the resume-program- 
bar is depressed. 

(08— ADD) and (09— SUB) The time required for either 
an ADD or a SUB instruction is 9.16 milliseconds. 

(iO — SUM) The time (?) in milliseconds required for a 
SUM instruction depends upon the number of words to 
be totaled and is given by the formula 

t=9m+(^Y-X)4.Q4 

where X is the address in section 3 of the instruction 
word and Y is the address in section 4 thereof. 
(11 — APN) The time (?) in milliseconds required for an 
APN instruction depends upon the number of word- 
pairs to be added and is given by the formula 

/=9.16 + (n-l)7.40 

where n is the number of pairs of words to be added. 

(12 — MDD) The time required for an MDD operation 
is calculated from the following equations for an MUS 
operation, except that, in an MDD operation, m is 
equal to "3" and n is equal to "2." 

(13 — MUS) The time required for an MUS instruction 
depends on the "shift" and "direction" operational code 
in section 2 of the instruction word, the algebraic signs 
of the multiplier X and the multiplicand Y, and the 
sum of the values of the digits of the multiplier. If 
the high- and low-order digits in section 2 of the in- 



struction word are (m) and («), respectively, the par- 
ticular formula to be applied to obtain the time in 
milliseconds (?) required to carry out a MUS instruc- 
tion depends upon the algebraic signs of the tv.'o cper- 
g ands in the following manner: 

(a) If the signs of X and Y are both positive, and m is 
either a "2," a "4," or a "5," then 
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represents the sum of the digit values of the multiplier, 
Xg being the lower-order digit of (he multiplier, and 
Xj being the high-order digit thereof. For example, if 
the multiplier is equal to (12.45), then 



m 



is equal to (5-i-4-f2-|-l-|-0-|-0-)-0_-fO-}-0+0), or (12). 
However, in the above example, if m was a "3," then 

9 

25 «=112.90 + 8.08n4-4.04SXi 

(i) If the sign of X is negative and the sign of Y is posi- 
tive, 12.12 milliseconds is to be added to the above time. 

(c) If the sign of Y is negative and the sign of X is posi- 
30 tive, 8.08 milliseconds is to be added to the above time. 

(d) If the signs of X and Y are both negative, and m is 
either a "2," a "4," or a "5," then 
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«=112.90 + 8.08ra + 4.04XI 
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where jXi| represents a general digit of the number, re- 
gardless of whether the number appears in norma! or 
complemental form. However, when (m) is a "3," then 

9 

/=120.98-l-8.08n + 4.04y]-Yi 
i'=o 

The maximum time occurs when X is equal to 
89,999,999.99, the sign of Y is negative, and a shift of 
nine places to the right with "round -off" is desired. In 
this instance (?max) is equal to .55 second. The mini- 
mum time occurs when (m) is a "2" or a "4," and (X) 
and (n) are both equal to zero, the minimum time 
being equal to 0.1 second. 
(14 — DIV) The time in milliseconds (?) required for a 
DIV operation depends upon the algebraic sign of the 
dividend and the divisor, and on the magnitude of the 
quotient. When the signs of X and Y are both posi- 
tive, ?=48.28-|-?d; however, v/hen the .signs of X and 
Y are both negative, or of opposite sign, ?=56.28+?;i, 
where t^ in each instance is equal to 

( 100Q,+ WQ, + JJ,Q-)8.08 



where (Qj) is the individual digits of the quotient. For 
example, if the quotient Q is 000.4351000, then Qg 
through Qj are equal to "0," Q3 is equal to "I," Q4 is 
equal to "5," Q5 is equal to "3," Qo is equal to "4," 
and Q7 is equal to "0." Consequently, 



(§«■) 



in this instance is equal to (l-h5-f 3+4), or (13). The 
maximum time required for a DIV operation is ap- 

70 proximately six seconds. 

(15 — CFM) The time required for a CFM operation de- 
pends only on the algebraic signs of the two words to 
be compared. If X and Y have the same sign, ? is 
equal to 9.16 milliseconds; however, if X and Y have 

75 opposite signs, ? is equal to 5.12 milliseconds. 
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(16 — CFE) The time required for a CFE operation is 

7.48 rni!li!iecoiids. 
(!7 — £PT) Tiie time in miiliseconds (0 required for an 

EPT instruction depends upon the frame of data read 

iind is expressed by the formula t=5-]-l.(\6,i\', wiicre N 

is the niimbcr of digits per frame. 

48. Ifistniction Register Generally 

While the computer is itr the process of carryi;ig orit 
the injtriic'ioit s;"eei'leJ by osie of iho j\r--Jc cribej i'l- 
struciion VvnrJ-, that pa;t'c .'ar instuiciio,'! " ord ;> clfe;- 
tively stored in an ';T-,truetia;i ior,t-tcr.'' With rcirteiiee 
to FJGS. 45A end 453, the in^iiuclian re^i^!er ii) i; 
cffcctive'y divided in'o f.v^ see-iurr, 1 ihioiH'h S, v.hcre 
teciitjT 1 i'; canab'e of s.ciiuj the I'^o highest-orviei digit-. 
and '.eeuo.'i 5 i, cr.^able of ao.ing t'^e t". o Ij \c-a-..i..L ■ 
diyitb of tiic ;:n digit in tiuelion \\Ord. C^h v.' ih.e f, /e 
sections is c'feetivdy divided iisto a hijb-order and a 
low-order d'jit-rcc'i'jSer. t.ieb oi' ''.hieh \s uiilized to s'ore 
a parliciihai-o'.vior deei^ral dijit of the in trujtion vo.d 
in bir.ary-eoded-decinTLi fonn. bor c aiip'e, dy.'inv 'i .- 
tcr (V)] ciicctivesy More > the !iighe-t or tcnih-o'dcr de-i- 
iria! (iii'it ct Ibc i'-.s-iiicon word; iifii-ret'i ter (13) ctiec- 
liveiy storcj the iii.nh-oider decimal di.;;i: of the in tui:- 
tiorii v.-ord; and oo o:i, bo tirit difit-ic'^isier (itjt) Storcj 
the lo»vc-t or firbt-oid^r d>_ci.mui digii of the irittruction 
word. 

49. Section 1 of Iwilruction Register 

VArh rc'^ . ii..- to "^lo '^'> ^:;;,iOii 1 o^ t'>e ip 't i^i i 
legi.lei i5 iofficail;, i' ii tratcd a'- laelud ^g five .hpi^op), 
O '1 I!, H'^'li Si '3, 1, ho e tales of i.ie.e.i !•" 1 rul- 
iCi-ave'y itf ebt "f, 11 li,i i.^-Lod^d d;.,iraai j 'i e h 
Oi tie pi-vioa -d^^.'l.d ip.siru^.a n code i .ir' ui > 
'o,i"' ('^ » "'j thioa h'l/ vL[''t) j\a t'e i-.^l -or ' ■ 
digit oi each ol the la tiu.tion code 1.1. iib_, ■, ^jiliei i 
"oac ' o: a "/Li.j " o \ o'.e a oitp (j2,,3i i, neeei i y 
tj 'tOi 2 the I'i._'i LiJ. I lL', t o- d e c ) '. lU' ^\e', ^.^ 
the lOi'v-o'de: d.;'iL of the t > _ ii„ , be a i^ Ci t"e d, • . 
"..(.ta ' ihi'j jh ' J ir.e,' 10. !i"'lii,'> 1 . .'id ni_hf. 1 
i.iC n^'' e u.y to i L,^i^j..ri ii_\.' 'o t 1- ' "^sd.i d ^J 
thereof. 

As previously de,:cribed with respect to F'GS. 67A and 
86, output line IViSA from the memory serisc arnpiifier 
Hip-fop 6US;> is either If-vlJE or FALSE, depe;i(iiiig upoa 
whether a binary "i" or a t-iiiary "0" had j:;;;l previoiijiy 
been read oe.t of nier.iory during a read-write eye'c of 
operation. If a binary "\" had just been read out of 
iitomory, the state of hne ".ISA goes from FALSSI to 
TRUii approximately 3 mier.jseeoiids after 'r'MIi-3, and 
stays I'RULi imtii the ne;;t T'l.lib-l, at which time the 
sta;e of lino f.bSA rctitrns J-'ALaE, if a biaary "0" had 
jus!, been read out of mtinory, the state of line MSA 
reri";ains i!a::hanged; i.e., FALSE. 

Thus, aflcr prcsetiing section t of the instriiciion 
register to "CA" by efiecting a IdiUF-to-FALSE change 
of Elate of line (i'lr'i)' siJppo,se that an y'iDD instruetio;! 
word was origiraily stored in a particular address in 
nscrnory and it is desired to taice this word from mem- 
ory and store it in the instraction rseistcr. As the code 
designation for ati ADD insiruetion is "03," the digit 
to bo stored in the 'hgh-oj'dcr digit register (!9) of sec- 
tion 1 of the instruction register is a "zero," and the 
digit to be stored in the low-order digit register (18) 
tiiercof is an "cisht." Consequently, as binary-bit "a" 
of the low-order digit of tire code designation is first 
to be read out of meuior;', littc Ba is TRUE, and, as a 
v/ord is to be transferred from memory to the instruc- 
tion register, line IvSI is likewise TRUE, as will be seen 
hiter. Fiowcvcr, iii this example, as the binary value 
of bit "ff" of the low-order digit of the code desig- 
nation is "zero," line I^.iS.A retnains FALSE, and there- 
fore outptit lines (bti.-;)' and ISa are TRUE attd FALSE, 
respectively. When bit "b" is to be read out of mem- 
ory, only the line Bo fioni the bit coimtsr is TRUE, 
while lines Ea, Be, and "d are FALSE. As the binary 
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value of bit "A" is liitewise "zero," output Unes (I8i)' 
and Id,') remain TRUE and FALStl, respectively. When 
bit "c" is to be read out of memory, only line Be from 
the bit cotmler is TRUE. As the binary vahie of bit 
"(•" is also "zero," oidpnt Sines (iSe)' and iSc remain un- 
chan.yed. Vv'b.en tlte h!.<th-order bit "c/" is to be read 
out of memory, only line Bd from the bit counter is 
ir.RUii. As the binary value of bit "c/" is now a "one," 
whcit line C41 goes T'RUE at TfivlE-4, all the inputs 
to logical AND 9fi3 are TffUE, and, consequently, litie 
iii/L lAcK'isc goes TRUE at T1M£~4. As the high-order 
digit of the code designation is next to be read in this 
pariitidsir example, only line D3 from the digit counter 
is TRUE at this particular instance. Therefore, the ref- 
ereiiee irptti to flipfiop £eC4 goes TIIUE at TJTvIE-4. 
At TiiiiE-l, the reference input thereto goes FALSE, 
so that the stales of otitput lines (ISrf)' and I8rf are 
reversed. That is, hne {ISd)' goes FALSE, and line ISr/ 
goes TRUE. 

It is seen, titerefoie, tlial the states of energization 
of fiipilops COi'i tlirough 6(?04, cohectively represent the 
binary nuniher "iOtlO," which, in turn, represents the 
deeitnal digit "eight." As the value of bit "n" of the 
tenth-order digit is "0," the slate of energization of fup- 
fk'p (iocs represents the "zero" vahie of the tenth-order 
digit of the instruction word. 

V/ith reference to FIG. .^6, all of the output lines from 
s.ech'on i of the instruction register are connected as in- 
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rode readout" having a niuUiplieity 

are seieehvely energized by logi- 

t';e hve fiipilops of section 1 of 

r and individually correspond to 

rucbcn words EiCWjOO) through 

or Ihe moment, those output lines 

nlion, only one of the remaining 

s TRUE at any given instance; the par- 

at is 'tTUE is dependent upon, and cor- 
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put lines 
ticular lire ; 

I e .'pones to. ir.c pariieitisr code number stored in sec- 
ii&u ! of ihe instruciion register. There are, however, 
cerTin exceptions, which are to be noted hereinafter. 
Thus, in the preceding exatnpic, an "08" being stored 
in section 1 of the instruction register causes the state 
01 ciitpjit line ADD to be TRUE, ''all the remaining out- 
pttt lines being F.ALSE. It is, therefore, to be appre- 
eiaicd thai, for ;m "enter-kcyboard-words" command 
(code 00), only iitie EKW is TP,.UE: for a "print-out- 
v.o.'ds" con;rnand (code C!), Hne POW is TI^UE; and 
so c-n, ro th.-it o'jtpnt line EPT is TRUE, indicative 
of iiie "enter-punchcd-tnpe" con-imand (code 17). Tlie 
simpHfiod logical equations for the eighteen readout lines 
of the decoder are as follows: 



tiO 



6.> 



Mil), of 


i 






To 


IT 


u 








Co iti .uilil 


s 

( ) 










1 


r 






E!CV/ 


fli ) 


(isl 


( ■> > 




I'UVV 


( 1 




I ' ^ 


1 


J 


1 I 


I' 






E-'",V 






} 




J 




1 






TiOn 


( 












1 






cv.iVMl" 


t 












i 

! 






M '■ 


i 




I 


1 


J 




[( 






s! ri' 


I 




1 I 


i 






1 

1 
V 






S U , I . 


11 




( 


1 s 












A7',v. ._;.,;._ 


11 




J 








1 






.MiV; 


1 










( 








-.tlJS __ 


11 




1 


1 


I 










irtv 

(tli'M 


I 
1 




I I 


T 
Is 


1 


I 


J 






CFB 


n 




f I 


1 




( * 


r 






EI'T 


1 




Hi 


Ts 


Is 


1 n 


T 







70 

For reasons to be set forth hereittafter, it is to be 

noted ih;it line ADj3 is TfiUE whenever either an "03" 

or an "09" is stored in section 1 of the instruction rcgis- 

7.5 ter, i.e., for cither an "add" or a "subtract" command; 
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however, line SUE is TRUE only for a "subiraci." com- 
mand, i.e., "09." In addition, iine MLfS is TRUE when 
either a "12" or a "13" is stored in section 1 of the 
instruction register, i.e., for either a "nuilLiply-dollar- 
decimal" or a "multipjy-and-shift" instruction; liowever, 5 
line ]\'1DD is TRUE on!y for a "multipiy-dollar-dcciinal" 
command, i.e., code "12." An additional readout is pro- 
vided by line MOD, which is essentially a logical OR 
of lines IvlUS and DIV and which signifies that either 
a multiplication or a division operation is being carried 10 
out. 

50. Section 2 of Instruction Register 

With reference to FIG. 57, section 2 of the instruction 
register includes eight fiipflops, 60C6 through 6013, "hich J5 
store the seventh and eighth-order digits of the instruc'iLm 
word. As previously mentioned with respect to that part 
of the foregoing description relating to the "Inslruciioa 
Word Format," section 2 of the instruction register is 
utilized to store the address of either the first or tbo sec- 20 
end operands, the destination address, or a special code, 
depending upon the particular instruction. A decoder for 
the high-order digit-register of section 2 is provided with 
seven readout lines Hip through H6 to respectively indi- 
cate a digit having a vaiue "zero" through "six" being 05 
stored in the high-order digit-register; the decoder for the 
low-order digit-register is provided with readout lines 'Lip 
through L3, which respectively indicate a digit having a 
value of "zero" through "three" being stored in the low- 
order digit-register. 30 

For example, in an instruction calling for a pfirtjcular 
motor bar operation of the accounting machine portion 
of the computer, readout lines H^ through H6 indicate 
which motor bar should be depressed and what type of 
depression is desired — i.e., "touch" or "hold" — in carrying 35 
out a "shift" instruction (SHE — 04), and readout lines 
H2 through H5 indicate the direction and type of shift 
desired. The simplified logical equations for each of 
readouts H<^ through H6 are as listed belov^. It is to be 
noted, however, as shown in the logical circuit d;as,raiii 40 
of FIG. 57, that readout hnes H2 and H4 cannot go 
TRUE during a "multiply-dollar-dccimal" instruction 
(MDD — 12), while readout line K3 is permitted to go 
TRUE unconditionally. 

ITi!, = {17tf)' {17c)' (l-i'i/ (17fl)' 



SO 

Readout lines L</j through L3 not only are utilized in an 
"enter-card-words" instruction (ECW — C2) but al:.o arc 
utilized in any of the instructions which call for a particu- 
lar motor bar operation, such as "enter-keyboard-v'ords" 
(EKW— 00) and "print-out-words" (POW— 31). For 55 
an EKW and a POW command, readout lines L>,* tiiro-jgh 
L3 selectively indicate the particular decimal point lamp 
on the keyboard that is to be illuminated and/or the par- 
ticular "order-hook" solenoid that is to be energized. 
The simplified logical equations for readout lines Lp 
through L3 are as given below: 

i.,i,^tlMi' flfif)' (I!:;,)' IX'M)' 

LI ==1.1(4)' (]ik:)' (H)'O' V'-tt 
1,2= (Itlc)' I'M' (Ilii.-)' 

1.3= (!«(■)' Vib Kill 

It is to be noted that output lines 17a through lid of 
the high-order digit-register of section 2 of tlie instruction 
register are respectively connected as an input to one o'i 
flipflops 6047 through 6i)S9 of the high-0]-dcr secSian of 
the word-seiecting register previously described v/it!i re- 
spect to FIG. 64. It is also to bo noted that output lirics 
16a through 16d of the low-order digii-rcgistcr of section 
2 of the instruction register are respectiveiy connected as 
an input to ffipHops 6051 through <iijS4 of t!ic lov.'-ordcr 
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section of th; word-selecting register previously described 
with respect to FIG. 65, all of wiiich may more clearly 
be seen by reference to the block diagram shown in FIG. 
45. Tims, as lines I'la through 17c/ of FIG. G4 and lines 
Ua tiirough IM of FIG. 65 are each logically ANDED 
wiiii line TL1, which originates in FIG. 61, after the word- 
seiectins; register is preset to "00" by efffacting a TRUE- 
to-FALSE reversal of the state of line (PWf/.)', the high- 
and low-order digits stored in section 2 of the instruction 
register are permitted to respectively be simultaneously 
transferred directly into the high- and low-order digit posi- 
tions of the word-selecting register by effecting selective 
energization of line TI2, selective energization of line 
T12, therefore, effecting the transfer of the contents of 
section 2 of the instruction register into the word-selec- 
tion register. 

51. Section 3 of Instrtiction Regi'ilcr 

As previously mentioned, section 3 of tlie instruction 
register normally stores either a destination addre&s or 
tile address of one of the opei'ands. With reference to 
the left-hand portion of FIG. 58, section 3 of the instruc- 
tion register comprises eight flipflops, 6014 through 6021, 
flipflops 6014 through 60i7 being a part of the high-order 
digit-register (IS) and flipflops 6818 through 6021 being 
a part of the low-order digit-register (14) thereof, as illus- 
trated in the block diagram of FIG. 45. The two digit- 
registers (14) and (15) are interconnected in such a man- 
ner that, when so combined, they function essentially as a 
binary-coded-decima! counter which is capable of effec- 
tively counting from 00 to 99 in units of "one." 

To accomplish this, flipflops 6S18 through 6921 of digit- 
register (14) are connected together to collectively func- 
tion as a "powors-of-two" binary counter that increments 
one unit each time the state of line IN4 changes from 
TRUE to FALSE. After a count of "nine" ( binary 1001 ) 
is reached, digit-register (14) recycles back to "zero" 
(binary 0000) on the next change of state of line IN4 
from TRUE to FALSE. Flipflops 6014 through 6017 of 
digit-register (15) are connected together to also collec- 
tively function as a "powers-of-two" binary counter that 
effectively increments by one unit each time digit-register 
(14) recycles from "nine" back to "zero." Thus, it can 
be said, a four flip-flop powers-of-two fonvard-counting 
binary counter is one in which a change of state of the 
leference output of any or all of the four flipflops from a 
TRUE state to a FALSE state causes a corresponding 
reversal of the state of the next succeeding high-order 
flipflops. Therefore, each flipflop efiiectively "divides" 
the reference output of the succeeding low-order flipflop 
by a factor of "two." 

With all four flipflops of each of digit-registers (14) 
and (IS) connected in a conventional manner, each of 
the registers would normally count from "zero" (binary 
OOOO) to "fifteen" (binary 1111) and then return to "zero" 
to again start the count cycle. Flowever, in the instant 
case, digit-register (14) includes a logical AND gale 1067 
(FIG. 59), which detects a count of "nine" Icing held by 
digit-register (14), a count of "nine" (binary lOOl) being 
indicated by a TRUE state of each of the amp.'ified refer- 
ence outputs of flipflops 6818 and 6G21. Thus, it is 
evident thai, when reference output lines 14^ and 14(/ are 
both simultaneously TRUE, output line 149 from gate 
1067 (FIG. 59) is likewise TRUE each time the counter 
roaches a count of "nine," line (149)', of course, being 
FALSE at that particular moment. As line (149)' is 
FALSE only during a count of "nine," the state of the 
prime input to llinnop 6039 (FIG. S"^.) is prevented from 
being changed from TRUE to F.AI.SE diiring the next 
succeeding TP>UE-to-FALS.'a change of state of line I4a. 
Consequently, lines I4o and I4c remain FAL,SE. At the 
s;!me time, a logical AND (1829) of lines 149 and IN4 
clfectively returns the state of line lAd hack to FALSE, 
thus returning digit-rcgfater (14) to "zero," v^hcreby out- 
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put lines I4a through I4d are FALSE, indicative of binar;/ 
0000. Each time the state of line 14d goes from TRUE 
to FALSE — i.e., when digit-register (14) recycles — the 
state of flipflop 6014, thence the state of output line 15a, 
is reversed thereby. It is to be noted, however, that digit- 
register (IS) is not recycled when a count of "nine" is 
reached therein, as in the case of digit-register (14). 

With reference to FIGS. 64 and 65, lines ISa through 
ISrf and I4a through 14d of section 3 of the instruction 
register are each logically ANDED with line TI3 in such 
a manner that, after the woid-selecting register has previ- 
ously been preset to "00," the contents of section 3 of the 
instruction register is transferred to the word-selecting 
register by effecting a TRUE-to-FALSE change of state 
of line TI3. 

52. Section 4 of Instruction Register 

Section 4 of the instruction register, as previously men- 
tioned, is utilized to store either the address of one of the 
operands, the address of the result, or the address of an 
alternate instruction. As shown in FIG. 58, and also in 
the block diagram of FIG. 45, the fourth section of the 
instruction register includes a high-order digit-register 
(13) comprising four electrically-interconnected fiipffops 
6022 through 6025, and a low-order digit-register (12) 
likewise comprising four electricaHy-interconnectcd flip- 
iiops 6026 through 6029 Each of digit-registers (12) and 
(13) independently operates essentially as a power-of-two 
binary counter However, instead of being capable of 
counting in a forward direction as digit-registers (14) and 
(15) of section 3, digit-registers (12) and (13) are con- 
nected in such a manner as to collectively count in a 
reverse direction, in units of "one," from 99 to 00 for each 
succeeding TRUE-to-FALSE change of stale of line DE2. 
Consequently, it can be said that each fiipflop in such a 
forward-counting register is essentially a scale-of-two 
binary counter which effectively "divides" by tvi/o the ref- 
erence output binary notation of a successive lov.'-order 
flipflop, whereas each flipflop in such a reverse counting 
register effectively "divides" by two the prime output 
binary notation of a successive low-order flipflop. 

With flipflops 6026 through 6029 of digit-register (12) 
interconnected in a conventional manner to function as a 
reverse counter, digit-register (12) would then normally 
count backwards in units of "one" until a "zero" count 
(binary 0000) is reached, and then would return to a 
count of "fifteen" (binary 1111) to start the count cycle 
again. However, in the instant case, digit-register (12) 
includes a logical AND gate 1066 (FIG. 59), v/hich de- 
tects a count of "zero" condition of digit-register (12), a 
count of "zero" (binary OCC'O) being indicated by a 
FALSE state of each of output lines J2a through Kr/frcm 
Hipilops 6826 throiigh 6029, respectively, or by a TRUE 
state of each of prime outputs (12a)' through (Kd)'. 
Thus, when all of lines (12fl)' through (12;/)' are siniui- 
taneously TRUE, output line Itw from gate lOSC (FIG. 
59) is likewise true each time the digit-rcgisler reaches a 
count of "zero," line Ha)' of cour;-;-;, being FAf..SH at 
that particular moment. As line (320)' is iViLSE only 
d'jring the coimt of "zero," tho slate of tlis prime input to 
flipflop 6&27 is prevented from being changed from TRUE 
to FALSE during the next succeeding TRUE-to-FALSE 
change of state of line (12fl)'. Consequently, the states 
of lines (126) ' and (I2c) ' remain TRUE. Simuitaneously 
therewith, a logical AKD of lines DE2 and I2,,i (1041) 
efiec;ively returns the state of line I2ii back to TRUE, 
tiius returning digit-register (12) to a count of "nine," 
whereby output lines I2fi and 12d are TRUE and lines 
126 and I2c are FALSE, indicative of binary lOOl. Each 
time the state of line (lid)' changes from TPiUE to 
FALSE — i.e., when digit-regisler (12) recycles back to a 
count of "nine" — the state of fiipfiop 6022, thence the state 
of line 13fl, is reversed thereby. It is to be noted that digit- 



register (13) is not recycled when a count of "zero" is 
reached, as in the case of digit-register (12). 

With reference to FIGS. 54 and 65, the reference cut- 
put lines from section 4 of the instruction register are 
n each logically ANDED with line TI4 in such a manner 
that the contents of section 4 of the inslniction register 
is transferred to the word-selecting register by effecting 
selective energization of line TI4, assuming, of couree. 
that tile word-selecting register is initially preset to "00." 
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53. Section 5 of Instruction Register 



As previously mentioned, section 5 of the instruction 
register stores the address of the next regular instruction 
and, as shown in FIG. 59, comprises eight flipflops 6C30 

15 through 6037, flipflops 6030 through 6033 being inciuded 
in high-order digit-register (II) and flipflops 6034 through 
6037 being included in lower-order digit-register (I^). 
Digit-registers (II) and (I^) are of conventional circuit 
configuration and indicate, in binary-coded decimal form, 

20 the value of the decimal digit stored therein, and, con- 
sequently, a more detailed description thereof is not 
deemed necessary. 

With reference to FIGS. 64 and 65, output lines lla 
through lid and l^a through l^d from section 5 of the in- 

25 struction register are each logically ANDED with line T15 
in such a manner that the contents of section 5 of the in- 
struction register is transferred to the word-seleciing reg- 
ister simply by effecting a TRUE-to-FALSE change of 
state of line TI5, assuming, of course, that the word-select- 

30 ing register is initially preset to "00," as before stated with 
respect to sections 2 through 4 of the instruction register. 

54. histruction Register Presets 

orj There are two "preset" lines for the instruction regis- 
ter, Vr'hioh are utilized to preset each section thereof to 
thereafter be rcpresentati\'e of a specific two-digit numer- 
ical designation. For example, section 1 of the instruc- 
tion register (FIG. 55) is preset to "00" by effecting a 

40 TRUE-to-FALSE change of state of line (PT^)', which 
presets the state of output lines 19a and Ha through 18;/ 
FALSE, indicative of "00"; section 2 of the instruction 
register (FIG. 57) is simultaneously preset to "00" by 
line (Pl0)', which presets a FALSE state of output lines 

45 I7« through lid, and Km through I6i:/, also indicative of 
"00"; section 3 (FIG. 58) is also simultaneously preset 
to "00" by line (PI^)', which presets the states of output 
lines 15a through 15d, and I4(i through Hd, FALSE, 
indicative of "CO"; each of the digit-registers of section 4 

50 (FIG. 58) is, however, simultaneously preset by binary 
1 1 1 1 by a TRUE-to-FALSE change of state of line PI^) ', 
which presets tlie states of output lines I3.i through I3ii 
TRUE, indicative of binary 1111, and presets the states of 
output lines lla through lid TRUE, also indicative of 

55 binary 1111; and section 5 (FIG. 59) is simultaneously 
preset to "00" by line (PI*)', which presets the states of 
output lines lla through lid and l4>a through lipd, FALSE, 
indicative of "00." 

From the foregoing, it is seen that selective encrgiza- 

CO tion of preset line (PI*)' causes each section of the 
instruction register to be preset to "OO," with the excep- 
tion of section 4, eacli section of which is preset thereby 
to binary lUl. In other words, the reference outputs 
of all the flipflops in sections 1, 2, 3, and 5 of the instruc- 

65 tion register are preset FALSE, whereas the reference 
outputs of the flipflops of section 4 thereof are preset 
TRUE by (PI^)' prior to th.c "loading" of a word from 
memory into the instruction register. Tho reason for 
this type of preset is that, due to the previously-described 

70 decrementing ability of section 4, it has been found 
expedient, circuitwise, to first preset the reference out- 
put of each of the flipflops of section 4 to a TRUE rep- 
resentation and then reverse the state of each particular 
reference output whenever its corresponding binary bit 

75 from memory is "zero," contra to presetting the reference 
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outputs FALSE and then reversing the state of each when 
the corresponding bit from memory is a binary "one." 
However, to avoid confusion, and for the purpose of 
convenience in the following description, the above pre- 
setting technique of the instruction register by line (Pl0)' 
will, nevertheless, be hereinafter referred to as presetting 
the instruction register to "zero." 

With reference to FIG. 58, the second preset line PRB 
is a logical AND (1045) of lines SP and FG and is 
utilized to preset section 4 of the instruction register to 
"99" after the instruction register has previously been 
preset by line (PI<^)'. The purpose for such a preset is 
to be covered hereinafter. 

As previously described with respect to the memory 
sense amplifiers shown in FIG. 67 and the wave-form 
chart of FIG. 86, each time a binary "one" is read out 
of memory, the state of line MSA is changed from FALSE 
to TRUE at a time approximately three microseconds 
after TIME-3, and then its state returns to FALSE at 
the next succeeding TfME-l. Thus, with reference to 
FIG. 55, it is seen that from TIME-4 to the next suc- 
ceeding TIME-1 during a "memory-to-instruction-regis- 
ter" word-cycle in which line MI is TRUE for approxi- 
mately 1 600 microseconds, line B«L is TRUE if the binary 
bit "fl" just read out of memory is a "one," otherwise 
line BflL remains FA.LSE; during the next succeeding 
time interval of ten microseconds fnom TIME~4I to 
TIME-1, line BAL is TRUE if the binary bit "b" just 
read out of memory is a "one," otherwise line BiL 
remains FALSE; during the next succeeding time interval, 
line BcL is TRUE if binary bit "c" just read out of 
memory is a "one," otherwise line BcL remains FALSE; 
and, during the next succeeding ten-microsecond time 
interval from TIME-4 to TIME-1, line Bc/L is TRUE 
if binary bit "d" just read out of memory is a "one," 
otherv/ise line BdL remains FALSE. 

As shown in FIG. 59, lines BaL through BdL are each 
individually ANDED with the low-order read-out line 
D0 of the previously-described digit counter (FIG. 63) 
and then respectively connected to the reference inputs 
of flipfiops 6037 — 6034 of the low-order digit-register 
(l0) of section 5 of the instruction register; lines BaL 
through BrfL are also individually ANDED with the 
second-order read-out line Dl of the digit-counter and 
then respectively connected to the reference inputs of 
fiipflops 6033—6030 of the high-order digit-register (II) 
of the fifth section of the instruction register. Thus, if it 
is assumed that the instruction word stored in memory 
address (p<f> is to be transferred into the instruction regis- 
ter, the state of flipflop 6037 is first "set" in a manner to 
be indicative of the magnetic state of core 885 (FIG. 
52A), forty microseconds later the state of flipflop 6036 
is "set" indicative of the magnetic state of core 886, 
forty microseconds later flipflop 6035 is "set" indicative 
of the state of core 887, and so on, until the first eight 
binary bits of the word in address <)><!> are effectively stored 
in section 5 of the instruction register, the first four bits, 
of course, representing the low-order digit and the second 
set of four bits representing the second-order digit of the 
word in address (f><j>. 

Input lines BaL through BiiL are similarly ANDED 
with the remaining output lines D4 through D9 from the 
digit counter to effect transfer of the corresponding digits 
of the word in memory and subsequent storage thereof in 
sections 1 through 3 of the instruction register. For ex- 
ample, in section 3 (FIG. 58) are stored the fifth- and 
sixth-order digits, in section 2 (FIG. 57) are stored the 
seventh- and eighth-order digits, and in section 1 (FIG. 
55) are stored the ninth- and tenth-order digits of the 
word located in address 00. As previously described, 
the reference output from each of fiipflops 6022 through 
6029 (FIG. 58) of section 4 of the instruction register is 
initially preset TRUE just prior to a momory-to-instnic- 
Jion-register word Jtransfer. Thus, if the binary bit just 



read out of memory ia a "zero," line (MSA)' remains 
TRUE, and, consequently, output line S4L is rendered 
TRUE from TIME-4 to TIME-1. Therefore, assuming 
that low-order bit "a" of the third-order digit is a "zero," 
the prime input to flipflop 6026 goes from TRUE to 
FALSE at TIMEr-1 approximately forty microseconds 
after the state of flipflop 6030 (FIG. 59) is "set" indic- 
ative of bit "d" of the second-order digit of the word in 
address 00; a TRUE-to-FALSE reversal of the prime in- 
put to flipflop 6026, of course, "sets" the state thereof so 
that output line I2a is rendered FALSE, indicative of 
binary "zero." The remaining bits of the third and 
fourth order digits are sequentially stored in section 4 
in the same manner as just described. 

55. Summary of Iitstruction Register 

In summary, the instri!ctlcn register is provided with a 
binary "bit" scrianzer at the input of each digil-reaistcr 
thereof and also is provided with a serlalizer on a digit- 
by-digit bssis for se.quentialy selecling each of the tsn 
digil-!e'gist;-rs therecf, starting w'd'a the lowest-order digit- 
register and ending with the highest-order digit-regislcr 
thereof. Conssqucnily, by means of a "nieriiory-to-in- 
slruction-rcgisler" transfer inslruclion, the word stored in 
memory is transferred into the instruction register, digit 
by digit, starting with the lov.'-ordor digit thereof, the 
lov.'-ordcr digit being stored in digit-register (I0) of sec- 
tion 5 and the high-order digit being stored in digit-reg- 
ister (19) of section 1 of the instruction register. 

As previously described, and as illustrated in the block 
diagrain of FIGS. 45A and 45B, the digit stored in a se- 
lected one of low-order digit-registers (I0), (12), (14), 
or (16) is selectively stored in the low-order digit-register 
(V/0) of the v^ord-selecting register, and, simultaneous- 
^^ [y therewith, the digit stored in a seiected one of high- 
order digit-registers (II), (13), (IS), or (17) is selec- 
tively stored in the high-order digit-register (Wl) of the 
word-seiecting register. Additionally, the low-order digit 
of section 2 of the instruction register is selectively stored 
in an "R-counter," which is next to be described in detail. 

56. R-Counter 
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With reference to FIG. 68, there is logically illustrated 
a reverse-counting counter, hereinafter termed "R-coun- 
ter," which includes four interconnected flipflops 6057 
through 6060. The R-counter opei'ates essentially in the 
same manner as low-order digit-register (12) of section 4 
of the instruction register, previously described in detail, 
in that it is a single digit counter capable of counting in 
a binary-coded-decimal code in a reverse digital order. 
For example, if the R-ccunter is initially at a count of 
"nine," on each occurrence of a TRUE-to-FALSE change 
of state of line DR, the R.-counier is efl^ectively decre- 
mented by one decimal digit until a count of "zero" is 
reached. However, as no recycling of the R-counter is 
provided, on the next subsequent change of state of line 
DR the R-countor is returned to a count of binary 1111, 
instead of binary 1001 as in digit-register (12). The two 
presets provided for the P^-coimter are prsj^et line PR0, 
which presets the counter to "zero" by causing the states 
of ilipflops 6057 through 6069 to be such that each of the 
reference outputs thereof is FALSE (hereinafter known 
as setting a flipflop "FALSE"), and preset line PRS, which 
presets the counter to "eight" by setting llipfiop 6069 
TRUE and setting fiipflops^ 69S7 through 6039 FALSE. 

Any single decimal digit, from "zero" to "nine," is se- 
lectively loaded into the R-counter from two different 
sources. For example, the digit stored in the low-order 
digit-register (r6) of section 2 of the instruction register 
is transferred into the K-counter by means of selective 
energization of line RLR. However, prior to loading, all 
four fiipflops 6357 through 6GS0 of the R-counter are first 
preset FALSE by means of preset line PR0. Thereafter, 
the state of each flipflop is selectively set by line RLR to 
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correspond to the state of the corresponding flipflop in 
digit-register (16) of the instruclion register. Tlius, if 



digit- register (16) were star 



the numcra! "six," so that 



fhpflops 6011 and 6012 (FiG. 57) were IRUE (fiipnops 
6010 and 6913 being FALSE), v/hen the state of line RI.R 
is rendered FALSE after being TRUE for at least twenty 
microseconds, both of fiipRops 605S and 6059 (FiG. 68) 
are simultaneously set TRUE. Therefore, it is evident 
that any digit from "zero" to "nine" is selectively trans- 
ferred from digit-register (16) to the R-counter. 

After the R-counter has previously been preset to 
"zero" by line PR0, any digit being read oiit of memory 
is selectively stored in the R-counter by effecting sequen- 
tial energization of line RLM simultaneously with one of 
output lines Bn through Bd from the bit-counter (FIG. 
62). Thus, the bit-counter operates as a so-cailed "serial- 
izer" at the input of the R-counter to effect selective set- 
ting of the states of the four flipflops therein to corre- 
spond to the four binary bits being ssquenfially read out 
of memory aiid corresponding to the particuiar memory 
digit to be stored in the R-counter. 

The R-counter is used in various of the instructions for 
different purposes. For example, in a "shift" instruc- 



tion, the R.-couriter is first loaded v/ith 
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stored in section 2 of the instruction register, which digit 
specifies the number of places the v.'ord in m.emory is to 
be shifted. After the entire word has been shifted Oiie 
digital order, the R-counter is effectively decremented by 
one decimal digit by line DR and then is essentially 
"checleed" to determine if the R-counter is at a count of 
"zero." In that way, the R-counter is used to serve as sn 
indication as to the remiaining number of digital orders 
the word is to be shifted. In a division operation, sup- 
pose that it is necessary to perform a series of subtraction 
operations during which eight shift operations cf bo:h 
the quotient and the remainder is required. In this in- 
stance, the R-counter is initially preset to a count of 
"eight" and thereafter decremented by one decimal digit 
after each shifting operation is completed, until a count 
of "zero" is reached, in other words, the R-counter 
counts downwardly from "eight" and thus keeps a record 
of the number of shifts remaining. In a "multiplv-and- 
shift" instriiciion, the R-counter is sequentially loaded 
with each one of the digits of the muiiiplicr word in 
mem.ory. The R-counter then controls tlie number of 
times that the multiplicand is added inio an accumulating 
register, and signifies wiien the required numbers of addi- 
tions have been perlcrmed. In a "mu!tip!y-and-shift" or 
a "multiply-dollar-deeimar' instruction, the R-counter is 
utilized to record the number of times that the product 
has been shifted, and, as a result, determines the number 
of shifting operations remaining to be completed. 

The R-oounter is capable of providing three logically- 
derived readout signals from output lines R^, Rl, and R@. 
Among other purposes, the states of readout lines R0 and 
Rl arc respectively utilized during a "shift" operation to 
indicate v/hen the R-countor is at a count of "zero" or 
"one"; the state of readout line Ki^> is utilized during both 
multiply instructions to indicate a "zero" count of the 
R-counter; and readout line RS is utilized during all multi- 
ply and divide instructions, during which ti.me the R-coua- 
tcr is effectively recording the progress of the instruction 
as it is being carried out. 

57. F-Counter 

With reference to FIG. 72, there is logically illustrated 
a single-digit forward-counting counter, bereinaftei" termed 
"F-counter," which includes four electrically-intercon- 
nected flipflops 6073 through 6076. The specific mode of 
operation of the F-counter is essentialiy the same as that 
of the previously-described high-order digit-.'-egisler (IS) 
of section 3 of the instruction register (FIG. 58), and, 
consequently, a detailed description is not deemed neces- 
sary for a full and complete understanding thereof. Like 
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(15), the F-counter is capable of counting 
to "fifteen" and then recycling to a count 



digit-register 
from "zero" 
of "zero." 

Prior to a mathematical computation, the F-counter is 
generally preset to "zero" by means of a FALSE-to-TRUE 
change of state of preset line PFijb. Thereafter, on each 
successive TRUE-to-FALSE change of state of line AF, 
the F-counter is incremented from a "zero" count and 
advanced by one decimal digit for each change of state 
of line AF. It is to be noted, however, that selective 
energization of line PF.^ presents the F-counter back to 
"zero" regardless of the count held therein. The F-coanter 
is provided v/ith four readout lines, Fi^, F8. F9, and Fl^, 
which respectively indicate a count of "zero," "eight," 
"nine," and "ten" thereof. 

58. Compare F-Counter and Digit-Counter 

V/ith reference to the upper right-hand portion cf FIG. 
72, the states of output lines Fa through Fd and (Fa)' 
through (F(/)' from the F-counter are logically com- 
pared with respect to the states of output lines T>a through 
D(/ and (Dn)' through (D^)' from the digit-counter, 
previously described wi!h respect to FIG. 63. Tlius, the 
state of output line (iFD)' is TRUE whenever the digital 
count of the F-counter is equal to the digital count of the 
digit-counter; however, the state of output line (iFD)' 
is FALSE as long as there is inequality between the con- 
tents of the F-counter and the digit-counter. 
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59. "]" Digit-Register 

With reference to the lover right-hand portion of 
FIG, 71, there is logically illustrated a digit-register, 
hereinafter termed "J" digit-register, which includes four 
electrically-interconnected flipflops 6367 through 6070 
coUectivcly capable of storage of any nr.mber from binary 
0000 through and including binary lllL The "J" digit- 
register is selectively preset to "zero" by effecting a 
TRUE-to-FALSE change of state of input line PJ0. 
Thereafter, the states of flipflops 6067 through 6070 are 
selectively conditioned to collectively represent either of 
decimal digits "one" or "five" by effecting a TRUE-to- 
FALSE change of state of a corresponding one of input 
li.nes PJl and PJS. 

The "J" digit-register is capable of being loaded, via 
line JL, v/itli any digit previously stored in any one of 
memory addresses (fnp through 99, or addresses A or B, 
or, as will be seen later, with a digit magnetically read 
from a ledger card. However, prior to loading the "J" 
digit-register, each of the flipflops therein is effectively 
preset to "zero." Thereafter, the states of flipflops 6070, 
6ft69, 60S3, and 6S57 are sequentially conditioned to re- 
spectively correspond to a different one of the four binary 
bits which are sequentially read from memory or the 
ledger card in the following manner: As illustrated in 
FIG. 71, output line MSA from the memory sense ampli- 
fier flipfiop 6055 (FIG. 67) for addresses tp<l> through 99, 
output line ASA from the memory sen.se amplifier flipilop 
6C5S for addresses A and B (FIG. 67), and output lire 
CSA from the ledger card sense amplifier flipflop 61'44 
(FIG. 85), essentially are each logically ANDED, via 
line JL, with each of output lines Ba through "Bd from 
the bit-counter (FIG. 62). Consequently, if bit "a" of 
the digit is a binary "one," the state of the reference out- 
put of flipflop 6070 is rendered TRUE; if bit "b" is a 
binary "zero," the stale of the reference output of flip- 
flop 6S69 remains FALSE, and so on. 

Logically iibastrated directly above flipflops 6S67 
through 6070 are three additional readout lines J0, J9, 
and EOW, whose individual state of energization is in- 
dicative of a particular number stored in the "J" digit- 
register. For example, the state of output line Jpi is 
rendered TRUE whenever a binary 000;> is stored in the 
register; the state of output line J 9 is rendered TRUE 
whenever a binary 1001 is stored therein; and a TRUE 
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state of output line EOW is indicative of a binary 1111 
being stored therein. In addition to the availability of 
a parallel type of read-out, the output of the "J" digit- 
register is also effectively serialized, in that output lines 
Ja through Jd thereof are logically ANDED with the 
bit-counter output lines Ba through Brf via logical AND 
gates 1432 through 143S, line Ja being ANDED with line 
B(T, line Jb being ANDED with line Bb, and so on. The 
outputs of logical AND gates 1432 through 143S are logi- 
cally ORED together and terminate at output line JS. 
Output line JS, for example, is logically connected as an 
input line to the "write-control" circuitry (FIG. 60), so 
that the digit in the "J" digit-register is capable of being 
selectively stored in any one of memory addresses i/j^ 
through 99, or addresses A or B. 

60. Compare F-Counter and "J" Digit-Register 

With reference to FIG. 72, a compare circuit is illus- 
trated as comprising eight logical AND gales 14S2 through 
1469, which are logically ORED together and terminate 
at output lines IFJ and (IFJ)'. The output lines from 
the "J" digit-register (FIG. 71) and the output lines from 
the F-counter (FIG. 72) are logically connected to se- 
lected ones of AND gates 1462 through 1469 in such a 
manner that the value of the digit stored in the F-counter 
is effectively compared with the value of the digit stoied 
in the "J" digit-register. When the two digits are of un- 
equal magnitude, the state of output line IFJ is rendered 
TRUE. However, when the value of the two digits is of 
equal magnitude, the state of output line (IFJ)' is ren- 
dered TRUE, indicative of equality. 

61. "K" Digit-Rcgiitcr 

In FIG. 70 there is logically illustrated a second digit- 
register, hereinafter termed "K" digit-register, compris- 
ing four electrically-interconnected flipfiops 6862 through 
6065, which are collectively capable of storage of any 
number from binary 0000 through and including binary 
1111. The "K" digit-register is preset to "zero" by effect- 
ing selective energization of line PK(p. Thereafter, the 
register is selectively preset to binary 1001 by effecting a 
TRUE-to-FALSE change of state of line PK9. 

Like tlic previously-described "J" digit-register, the 
"K" digit-register is capable of being loaded with any 
digit previously stored in any one of memory addresses 
(p(p through 99, or one of addresses A or B. However, 
prior to loading, the register is preset to "zero." Tliere- 
after, the states of flipfiops 6065, 6064, 6063, and 6C62 
are sequentially conditioned in the following manner to 
respectively correspond to a different one of the four 
binary bits which are sequentially read from, memory: 
Output line MSA from the memory sense amplifier flip- 
flop 6655 for addresses 0^ through 99 (FIG. 67) and 
output line ASA from the memory sense, amplifier flip- 
flop 6056 for addresses A and E (FIG. 67) are epxh es- 
sentially logically ANDED, via line KL, with each of the 
output lines Ba through Brf from the bit-counter (FIG. 
62). Consequently, if bit "a" of the digit just read out 
is a binary "one," the state of the reference output of 
flipflop 6065 is rendered TRUE by a change of state of 
the flipflop; if bit "6" is a binary "zero," the state of 
the reference output of flipflop 6C'64 remains FALSE, 
and so on. 

Logically illustrated directly above llipflops 6062 
through 6055 is an additional readout line Kii>, whose 
TRUE state is indicative of binary 0000 being stored in 
the "K" digit-register. In addition to the availability 
of a parallel type of read-out, the output of the "K" 
digit-register is also effectively serialized, in that outpiut 
lines Kc through Kd thereof are each logically ANDED 
with a corresponding one of bit-counter output lines Ba 
through Bd, via logical AND gates 1393 through 1396, 
line Kr; being AN.Or.O with line Bii, line VJi wilh Kb, 
etc. The outputs of AND g:;fcs 1393 lln-ough 1396 arc 
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logically ORED together and terminate in output line 
KS, -which, in turn, is logically connected as an input 
line to the "write-control" circuitry (FIG. 60) in such 
a manner that the digit stored in the "K" digit-register 
is permitted to be selectively stored in any preselected 
one of the memory addresses. 

62. Adder-Subtracter 

Before proceeding with a detailed description of the 
adder-subtracter portion of the computer logically illus- 
trated in FiGS. 53 and 54, a brief description will first 
be given, setting forth the various salient operations 
which are sequentially executed in the performance of a 
simple addition and subtraction mathematical computa- 
tion; such a description is deemed desirable in expedit- 
ing and assuring a clear understanding of the various 
principles involved in the construction and mode of op- 
eration of the adder-subtracter unit. 

Preceding an "add" instruction (ADD — 08), for ex- 
ample, both the addend and augend data words are first 
stored in memory. To begin the "add" instruction, one 
of the data words is transferred to address-A, with the 
second data v.'ord remaining in one of memory addresses 
rijrp through 99. Thereafter, the low-order decimal digit 
of the word in address-A is read out and stored in the 
"J" digit-register via line ASA, as illustrated in the block 
diagram of FiG. 45. Simultaneously therewith, the low- 
order decimal digit of the word remaining in memory 
is read out and stored in the "K" digit-register via line 
MSA. The output lines from the "J" and "K" digit- 
registers are connected as input lines to the adder-sub- 
tracter unit in a manner such that the two decimal digits 
stored therein are effectively added together by the adder- 
subtracter unit, so that, if the sum is equal to "nine" or 
less, a "sum" digit and a zero "carry" digit are derived 
therein. However, if the sum is greater than "nine," a 
"sum" digit and a "carry" one digit are derived. 

Following the addition of the two low-order digits, 
the sum digit is stored in the low-order digital position 
of address-A, and the carry digit is stored in a carry flip- 
flop. Next, the second-order digit of the word in 
address-A is stored in the "J" digit-register, and, simul- 
taneously therewith, the second-order digit of the word 
remaining in memory is stored in the "K" digit-register. 
Thereafter, both digits are, in a sense, simultaneously 
transferred to the adder-subtracter unit, wherein they 
are added together with the carry digit previously stored 
in the carry flipflop. If the sum of the two second- 
order digits plus the carry digit is greater than "nine," 
a sum digit is obtained and stored in the second-order 
digital position of address-A, and a carry "one" digit 
is obtained and stored in the carry flipflop. This se- 
quence of operations is repeated for each digital order 
of the words until each digit of one of the data words 
is added to the corresponding digit of the other data 
word. Following the addition, the sum thereof is lo- 
cated in address-A. Consequently, the final step in the 
"add" instruction is to store the sum data word in the 
particular address in memory as previously specified. 

A "subtract" instruction (SUB — 09) is carried out 
in csrentiaSIy the same manner, with the exception that 
the data word remaining in memory is subtracted from 
the data v.'ord in address-A, rather than being added 
thereto. More specifically, the first step to be carried 
out for a "subtract" instruction is to transfer to address- 
A the minuend which is previously stored in one of mem- 
ory addresses 'p<fi through 99. As before, the first-order 
digit of the word in address-A is stored in the "J" digit- 
register, and, simultaneously therewith, the first-order 
digit of the data word remaining in memory is stored 
in iho "K" digit-register. Thereafter, the digit in the 
"K" digit-register is subtracted from the digit in the "J" 
digit-register, a difference digit is derived therefrom and 
stored in the low-order digital position of address-A, and 
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the carry disit derived therefrom is stored in the carry 
llipHop, as before. 

Due to the fact tiiat there is no "borrowing" of digits 
in the present type of computation, the carry digit is 
;:ddcd to ibe next higher-order digit stored in the "K" 
digit-register rather than being subtracted from tlie cor- 
responding next higher-order digit in the "J" digit-regis- 
ter. In other words, any carry "one" digit effectively 
increments the next succeeding digit in the "K" digit- 
register rather than decrementing the next succeeding 
digit in the "J" digit-register. 

Tiio Just-described subtraction operation is sequential- 
ly repeated for each of the next successively higher-order 
digits until the remainder derived from the subtraction 
operation is in address-A. As in the "add" instruction, 
the final step in the "subtract" instruction is to copy the 
remainder data word into the particular address in mem- 
ory, as previously specified. 

From the foregoing, it is evident that the adder-sub- 
tracter unit is capable of adding two decimal digits and 
a carry digit, either "zero" or "one," and to obtain there- 
from a decimal sum digit and a new decimal carry digit. 
The adder-subtracter is also capable of subtracting one 
decimal digit, plus a carry digit of cither "zero" or "one," 
from a second decimal digit and of obtaining therefrom 
a decimal remainder digit and a new decimal carry digit. 

Essentially, the adder-subtracter unit is an "adder" and 
a "subtracter" combined into one circuit-sharing unit, 
the adder portion being selectively capable of individual- 
ly performing the necessary arithmetic computation when- 
ever an addition operation is required, and the subtracter 
portion being selectively capable of individually perform- 
ing the necessary arithmetic computation v^hencver a sub- 
traction operation is required. 

As previously mentioned, the adder-subtracter unit is 
capable of sequentially performing an addition operation 
with respect to two binary-coded decimal digits and a 
decimal carry digit of "0" or "!" magnitude. The mag- 



addition, of course. 
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being: binary "0" plus binary 
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equals binary "0"; binary "1" plus binary "0" equals bin- 
aiy "1"; binary "0" pins binary "1" equals binary "1"; and 
binary "1" plus binary "1" equals binary "0" plus a binary 
"i" carry. Applying the just-mentioned rules for binary 
addiiion, binary 0101 plus binary OiOO equals binary 
1001, or "9." By the sam.e token, the decimal digit "5" 
plus the decimal digit "5" equals binary 1010. However, 
if decimal "10" (binary 1010) is subtracted therefrom, 
"5" plus "5" also equals binary 0000 plus a binary "1" 
carry. 

Listed below, in "truth-table" form, are representations 
of input bits "a" through "d" for each of the digits previ- 
ously stored in the "J" and "K" digit-registers, together 
v/ilh the carry bit, and the desired output bit for each addi- 
tive combination thereof, TRUE being denoted by "1" 
and FALSE being denoted by "0," as before. In this in- 
stance, "Ja" and "Kii" are representative of the "a" bits 
of the digits in "J" and "K" digit-registers, respectively; 
"5b" and "Kh" are representative of the "b" bits; "Jc" 
and "He" are reprcse-ilative of the "c" bits; and "Jcl" and 
"Kc!" arc, respectively, representative of the "d" bits of 
the digits in the "J" and "K" digit-.'-egisters. "ANo" is 
representative of the binary sum of the "a" bits plus the 
previous digit carry; "PCI" is representative of the 
previous digit carry; "pc" is representative of the bit 
carry derived from the binary sum of the "a" bits plus 



the previous "/" digit 



"q" is representative of the 



binary sum of the "6" bits plus the previous bit carry; 
"(]c" is representative of the bit carry derived from the 
binarjf sum of the "b" bits plus the previous carry bit; "r" 
is representative of the binary sum of the "c" bits plus 
the previous cai'ry bit; "re" is representative of the bit 
cany derived from the binary sum of the "c" bits plus 
the previous carry bit; "i" is representative of the binary 
sum of the "<:/" bits plus the previous carry bit; and "/" 
is representative of the bit carry derived from the binary 
sum of the "d" bits plus the previous carry bit. 
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nitudo of the sum, derived from such an addition opera- 
tion, may be as large as "19" (binary 10011). For ex- 
ample, if the digit "9" is added to the digit "9" plus a, 
carry of "1," the sura thereof is "19." Consequently, 
upon completion of each addition operation, the binary 
form of the siini is essentially "checked" to determine if 
the magnitude thereof is equal to decimal "10" or more. 
If the sum has a magnitude of decimal "10" or more, the 
amount binary 1010 is effectively subtracted therefrom 
to obtain a binary-coded sum digit, plus a decimal "1" 
carry digit. However, if the sum is less than decimal 
"10," the single sum digit represents the actual sum, and, 
thus, a carry "0" digit is generated. 

In order to add the four binary bits of a digit to the 
four binary bits of a second digit, corresponding bits of 
each digit are added together v/ith the previous carry bit, 
and the carry bit derived from such addition is added to 
the ntx.t successively high-order bit of that particular 
digital group. The carry bit resulting from the highest- 
order bit addition of that digital group is added to the 
low-order bit of the next succeeding digital group. For 
example, suppose that the digit "5" (binary 0101) is to bo 
added to the digit "4" (binary 0100), the rules for binary 



Reducing the above truth tables to the "canonical" 
form of the logical equations thereof in a well-known 

55 manner: 

(1) ANa = (Ja)'Ka(PCl)'+Ja(Ka)'{PCI}' 

+ (Ja)'{Ka) 'PCl+JaKaPCl 

(2) pc=JaKa{PCI}'+Ua)'KaPC{ 

-\-Ja ( Ka ) 'PCI +JaKaPCI 

(3) q=(Jb)'Kb(pcy+Jb{Khy(pcy 

-^{Jhy (Kbypc+JbKbpc 

(4) qc=:JbKb{pc)' + (Jb)'Kbpc+Jb(Kb)'pc+JbKbpc 

(5) i--=<.Jc)'Kc{qc)'+Jc(Kc)'(qcy 

+ Ucy (Kc)'qc+JcKcqc 

(6) re —JcKc ( (JC ) ' -f- ( /c ) ' Kcqc -\-JciKc)' qc-\-JcKcqc 

(7) s=^(JiiyKd(rc)'+Jd(Kd)'(rcy 

+ (,Jd)'(Kd)'rc -\-JdKdrc 

(8) t=}dKd(rcy + (Jd)'Kdrc+Jd(Kd)'rc+JdKdrc 
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Listed below, in "truth table" form, are input bit repre- 
sentations of the sum of the two digits at present stored 
in the "J" and "K" digit-registers and the carry derived 
from the previous addition. Also listed are the desired 
binary coded decimal output plus any output carry, where 



75 "ANc;" through 



represent the binary coded output 
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of the sum, and "EAS" represents the decimal carry 
digit: 
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Reducing the above truth table to the "canonical" 
form of the logical equations thereof, and thereafter 
simplifying, it is seen that: 

(9) ANa=(Ja)'Ka{PCI)'+Ja(Ka)'(PCl)' 

+ (Jay(Ka) 'PCI+JaKaPCI 

(10) ANb=g(.EASy+q'EAS 

(11) ANc=r(EASy+qrs+tq 
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However, decimal digit "8" (binary 1000) subtracted 
from decimal digit "3" (0011) results in a binary remain- 
der of 1011. Thus, to obtain the decimal remainder digit, 
the binary remainder of 1011 is subtracted from binary 
10000, resulting in a new binary remainder of 0101, rep- 
resentative of the decimal digit "3," and a carry of "1," 
denoting a negative remainder. 

Listed below, in truth table form, are representations 
of input bits "a" through "d" for each of the digits stored 
in the "J" and "K" digit-registers, together with the carry 
bit and tlis desired output bit for each combination there- 
of. As before, "Sa" and "Ka" are representative of the 
"a" bits of the digit stored in the "J" and "K' digit-reg- 
isters, respectively; "16" and "Kb" are representations of 
the "b" bits; "Jc" and "Kc" are representative of the 
"e" bits; and "Jd" and Kd" are representative of the "d" 
bits of the digits respectively stored in the "J" and "K" 
digit-registers. However, in this instance, "ANa" is rep- 
resentative of the remainder obtained from a subtraction 
of the "a" bits; "PCI" is representative of the previous 
bit-carry; "pc" is representative of the bit-carry derived 
from subtraction of the "a" bits; "q" is representative 
of the remainder derived from subtraction of the "h" 
bits; "qc" is representative of the bit-carry derived from 
the "b" bit subtraction; "r" is representative of the re- 
mainder derived from "c" bit subtraction; "re" is repre- 
sentative of the bit-carry derived from "c" bit subtrac- 
tion; "s" is representative of the remainder derived from 
"d" bit subtraction; and "/" is representative of the bit- 
carry derived from "d" bit subtraction. 
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(12) ANd=s(EAS)'+tq 

(13) EAS=sq+sr+t 

As previously mentioned, the subtracter portion of the 
added-subtracter is utilized to perform a subtraction arith- 
metic operation of two binary-coded decimal data digits 
and a carry digit, and obtain therefrom a binary remain- 
der digit plus a carry digit. As long as the mJnucnd 
data digit is larger than or equal to the subtrahend data 
digit plus the previous carry digit, the value of the re- 
mainder digit is between binary 0000 and binary 1001 
with no carry digit output. However, should the m_inu- 
end be less than the subtrahend plus the previous carry, 
the value of the remainder digit will be between binary 
0111 and binary IllI plus an output carry digit. There- 
fore, in order to obtain the decimal remainder digit, the 
binary remainder is subtracted from binary 10000, com- 
monly termed "taking the sixteens complement and ignor- 
ing the carries beyond the four low-order bits." 

Using the laws of binary subtraction, whereby binary 
"0" subtracted from binary "0" results in a remainder 
of binary "0", binary "0" subtracted from binary "1" 
results in a remainder of binary "1," binary "1" sub- 
tracted from binary "1" results in a remainder of binary 
"0," and binary "1" subtracted from binary "0" results 
in a remainder of binary "1" plus binary "1" carry, sup- 
pose that the decimal digit "5" (binary 0101) is subtract- 
ed from decimal digit "9" (binary 1001). In this in- 
stance, the remainder is binary 0100 or "4" v/ith no carry. 



Reducing the above truth tables to the canonical form 
of the logical equations thereof: 

50 (14) ANa=:(Ja)'Ka(PCiy+Ja(Ka)'{Pci)' 

+ (Ia)'(Ka)'PCI+JaKaPCI 

(15) pc=(Ja)'Ka(PCl) + {Ja)'(KayPCI 

H- (/a) 'KaPCl+JaKaPCl 

(16) q=(Jb)'Kb(pc)'+Jb(iKb)'{pc)' 

55 (Jb)'(Kb)'pc+fbKbpc 

(17) qc=-(Jb)'Kb(pc)'+(Jb)'(Kb)'pc 

+ (Jb)'Kbpc+/bKbpc 

(18) r=(Jc}'Kc(,qc)'+Jc(Kc)'(qcy 

+ (Jc)'(Kc) 'qc+JcKcqc 
CO (19) rc=iJc)'Kc(qc)'+(Ic)'(Kc)'qc 

+ (Jc) 'Kcqc+JcKcqc 

(20) s=(Jd)'Kd(rc)'+Jd{Kd)'(rcy 

+ (Jd)'(Kd) 'rc+JdKdrc 

(21) t=(Jd)'KdO-c)' + {Jd)'(Kd}'rc 

05 + (/rf) 'Kdrc +JdKdrc 

Listed below, in truth table form, are input bit repre- 
sentations of the remainder plus carry which are obtained 
from subtracting the digit stored in the "K" digit-register 

70 from the digit stored in the "J" digit-register. Also listed 
are the desired binary coded decimal output plus any 
output carry, where "ANa" through "ANrf" collectively 
represent, in this instance, the binary coded output of the 
remainder, and "EAS" represents the decimal carry digit 

"7.-, obtained from the subtraction operation. 
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matical operation (Equations 22 
tliuit the combined logical eqii^itior 
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Reducing the above truth table to the canoiiical form 
of the logical equatioas thereof and tl).;n simplifying to 
remove redundancies therein, the four bit line and decimal 
carry representations of the decimal difference are: 

(22) ANa=^{JayKa{PCiy-\-Ja{Ka)'iPCiy 

+ ( J a ) ' ( Ka )'PCI+ JaKaPCI 
ANb = qt' + q't or (:{EAS)'-\-q'EAS 
ANc=^rt' + t(rq' -{-i-'q)' 
ANd=st'-\-qrs 
EAS=^t 



ving esaciilially derived the logicr.l equations for an 
adder and a subtracter separately, the next step is to logi- 
cally combine the two sots of equations thereof and ob- 
tain therefrom a circuit sharing adder-subtracter unit that 
is capable of porforming an addition malhematical opera- 
tion when the state of line (SAS)' is TRUE, and, addi- 
tionally, is capable of performing a subtraction matiie- 
matical operation when line SAS is TRUE. 

By comparing the previously-derived non-simplified 
forms of the logical equations for lines "ANn," "q" 'V," 
and "j" for an addition operation (Equations 1, 3, 5, and 
7) with (Equations 14, ifi, 18, and 20) for a subtraction 
operation, it is observed that the logical equation for each 
line is the same in each instance, llius, whether the 
adder-subtracter unit is to carry out an addition or a 
subtraction operation, the sum and the difference digits 
in the binarj' answer are also the same in each instance. 
By comparing the logical equation for line "pc" for an 
addition and a subtraction operation (Equations 2 and 
15), it is observed that tv/o terms "(Jn)' Ka PCI" and 
"Jfl Ka PCI" in each equation are identical in each op- 
eration and the remaining terms thereof are different, the 
two like terms obviously being reducible to the simplified 
term "Kd PCI." Hence, the logical equation for output 
line "pc" for either an addition or a subtraction mathe- 
matical operation is; 

(27) pc=-^KaFCl-\-UayKo{FCiySAS+{Ji:y(Kay 
PClSAS+JaKa{PCiy{SASy+Ja(Ka)'PCl{SASy 

The logical equations for output lines "cjc," "re," ".t," 
and ";," likewise modifled in the same manner, are as 
below, where: 

(28) qc==Kbpc+(Jb)'Kb{pc)'SAS+{Jby{KbypcSAS 

+JbKbipc)'iSAS)'+Jb{Kb)'pc(SAS)' 

(29) rc-=Kcqc + (Jc) 'Kc(qc) 'SAS+ (Jc)'{Kc)'qcSAS 

+JcKc(qc)'(SAS)'+Jc{Kc)'qc{SAS)' 

(30) t==Kilrc+(Jd)'Kd(rc)'SAS-'r(Jd)'(Kd)'rcSAS 

+JdKd(rc)'iSAS)' 

By likewise combining the logical equations for "ANa" 
through "ANii" and "EAS" for both an addition opera- 
tion (Equations 9 through 13) and a subtraction mathc- 
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through 26), it is seen 
for each output line is: 



(3!) EAS^sq + sr+t 

(32) ANar^(J(,yKaiPCiy+JaiKa)'iPCn' 

+ (Ja)'{Ka)'PCI+JaKaPCI 
(331 ANh = q ( EA S)' + q'EAS 

(34) ANc=r{EAS)'+trq'SAS+tr'qSAS 

+qrs(SAS)' + tq'iSAS) 

(35) ANd=^s(EAS)'-'rqri-SA.S+tqiSAS)' 

Titerefore, with reference to the logical diagrams of the 
adder-subtracter unit as illustrated in FiGS. 53 and 54, it 
is seen that the above-stated logical equations numbered 
27 tlirough 35 arc satisfied thereby and thus correspond to 
the circuit configuration thereof. 

As an illustrative exampio of an addition and a subtrac- 
tion operation being carried out by the just-described 
adder-subtracter arithmetic unit, suppose that the first- 
order digit of the addend word located in memory address 
</j<6 is a "nine," and the first-order digit of the augend word 
in address ijA is a "seven." 

To begin an "add" instruction, as previously mentioned, 
the atigend word is first read out of memory address 0I 
and stored in address-A. Thereafter, the low-order digit 
of the augend is sequentially read out of address-A, bit 
by bit, starting with the low-order binary bit "a" thereof, 
and is sequentially stored, bit by bit, in the "J" digit- 
rcgislcr (FIG. 71) via lines ASA and JL. Simulta- 
neously iherewitli, the addend is sequentially read out of 
address rp<p, bit by bit, starting with the low-order binary 
bit "a" thereof, and is sequentially stored, bit by bit, in 
the "K" digit-register (FiG. 70) via lines MSA and KL. 
As the assumed value of the decimal digit stored in the 
"I" digit-register (F!G. 71) is a "seven" (binary 0111), 
the state of output line Jd through Jc is FALSE, whereas 
Ihi states of oiiiput lines Jo through ic are each TRUE, 
the prime output lines of Jlipflops 6067 through 637ft, of 
course, being of opposite states from the corresponding 
reference output lines thereof, as previously described. 
As the assunred value of the decimal digit stored in the 
"K" digit-register (FIG. 70) is a "nine" (binary 1001), 
the states of output lines Kd and Ka Itiercof are TRUE, 
whereas the states of output lines Kb and Kc are FALSE. 

Reference is now made to that portion of the adder- 
subtrticter unit logically shown in FIG. 54, in addition to 
periodic reference to the simplified block diagram of the 
adder-subtracter shown in FiG. 45C. As the low-order 
bit of tile digit stored in each of the "J" and "K" digit- 
registers is a binary "i," output lines Ja and Ka are both 
TRUE, as just mentioned. Also, as the previous decimal 
carry is a "0" in this instance, the state of line (PCI)' is 
TRUE, and, as an "add" operation is to be carried out, 
the state of line (SAS)' is previously rendered TRUE. 
Therefore, as none of AND gates 956 through 959 have 
all of the inputs thereto simultaneously TRUE, tlie state 
of output line ANa is FALSE, indicative of binary "0." 
Consequently, the sum of the "a" bits of the first-order 
digits in the "i" and "K" digit-registers is "0." 

With reference to tlie "a" bit carry circuitry shown in 
FIG. 53, as the states of lines Ja, Kc, (PCI)', and (SAS)' 
and TRUE, as previously stated, the states of all of the 
inputs to AND gate 901 are simultaneously TRUE. 
Consequently, the state of output line pc is TTvUE, in- 
dicixtive of a binary "1" carry resuhing from addition of 
the "a" bits. 

As the "A" bit in the "J" digit-register is a binary "1" 
and the "b" bit ia the "K" digit-register is a binary "0," 
the state of line Ji is TRUE and the state of line Kb is 
FALSE, as previously noted. As none of AND gates 
911 through 914 have all of the inputs thereto simulta- 
neously TRUE, the state of output line q is FALSE, in- 
dicative of binary "0"; consequently, the sum of the "b" 
bits plus the "a" bit carry is "0." However, as the states 
of all of lines J.6, {Kb}', pc, and (SAS)' are TRUE, the 
states of the inputs to AI\'D gate 917 tire simultaneously 
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TRUE. As a result, the state of output line qc is TRUE, 
indicative of a binary "1" carry resulting from addition of 
the "i" bits plus the "tj" bit carry. 

The "c" bit in the "J" digit-register being a binary "1" 
and the "c" bit in the "K" digit-register being a binary 5 
"0," the state of line Jc is TRUE and the state of line Kr 
is FALSE. As none of AND gates 920 through 923 have 
all of the inputs thereto simultaneously TRUE, the state 
of output line r is FALSE; consequently, the sum of the 
"e" bits plus the "6" bit carry is "0." X(J 

As the respective states of linxs Jc, (Kc)' [jc, and 
(SAS)' are each TRUE, all of the inputs to AND gale 
926 are simultaneously TRUE. Consequently, the state 
of output line re is TRUE, indicative of a binary "1" 
carry resulting from addition of the "c" bits and the "b" 15 
bit carry. 

The high-order or "d" bit in the "j" digit-register be- 
ing a binary "0" and the "rf" bit in the "K" dii;it-register 
being a binary "1," the state of line id is FALSE and the 
state of line Kd is TRUE. With reference back to FIG. 20 
54, as none of AND gates 934 through 937 have all of 
the inputs thereto simultaneously TRUE, the state of out- 
put line i' is FALSE, thus indicating that the sum of the 
"ff bits plus the "c" bit carry is a binary "0." 

Finally, as the states of both of lines Kc/ and re are 25 
TRUE, all of the inputs to AND gate 929 are simultane- 
ously TRUE. As a result, the state of output line t is 
TRUE, thus indicating a binary "1" carry resulting from 
addition of the "rf" bits plus the "c" bit carry. 

Therefore, as the state of output line / is TRUE and 30 
the state of each of output lines s, r, q, and ANa is FALSE, 
the sum of the digit "7" (binary 0111) and the digit "9" 
(binary 1001) is therefore indicated as being "16," or 
binary 10000. The binary sum — i.e., lOOOO— is con- 
verted to a binary-coded-decimal form in the following ?,:> 
manner: As the state of the single input to AND gate 
943 (FIG. 54) is TRUE, the state of output line EAS is 
TRUE, thus indicative of a decimal "1" carry. ITiere- 
fore, as the state of each of lines EAS and (q)' is TRUE, 
the state of output line ANZ) is likewise TRUE, thus indi- '!'> 
eating that the value of the "&" bit of the sum digit is a 
binary "I." A.S the state of each of lines (<?)', t, and 
(SAS)' is TRUE, all the inputs to AND gate 942 are 
TRUE, thus rendering output line ANc TRUE and there- 
by indicating that the value of the "c" bit of the sum 
digit is a binary "1." As none of AND gates 945 through 
947 have all of the inputs thereto simultaneously TRUE, 
the state of line At^.d is FALSE and thereby indicates 
that the high-order bit "rf" of the sum digit is a binary 
"0." 

It is now evident that, upon completion of the just- 
described addition operation of the two decimal digits 
"1" and "9," the state of output line ANa is FALSE, tlie 
state of output line ANi is TRUE, the state of output 
line ANc is TRUE, and the state of output line ANrf is 55 
FALSE. Thus, the states of output lines ANci through 
ANf/ collectively represent the sum digit "6" (binary 
0110). As the state of output line EAS is simultaneously 
TRUE, as before stated, its state is indicative of the 
decimal "1" carry digit. 00 

Following the just-described addition operation of the 
two first-order digits taken from the data words stored in 
address <)><j> and address A, there is derived thereby a sum 
digit which is written in the !ov/-order digit position of 
addre.ss-A and a decimal "1" carry digit which is stored in gg 
carry flipflop 6300 (FIG. 53) via line EAS. Tliereaftcr, 
the second-order digit of the word in address 4><j> is trans- 
ferred to the "K" digit-register, and the second-order di/.nt 
of the word in addrcss-A is transferred to the "J" digit- 
register. As the output lines from the "J" and "K" digit- >jq 
registers are connected as input lines to the addcr-sub- 
tractor unit, as previously described, the two second- 
order digits are simultaneously "pre."!ented" to the adder- 
subtracter unit, wherein they arc added together, along 
with the decimal "1" carry in flipflop 6000, in exactly the 75 
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same manner as just described with respect to the first- 
order digits of the two data v.'ords. The above sequence of 
operations is sequentially repeated for each higher-order 
digit until the tenth-order decimal digits have been added 
and the sum digit stored in the tenth-order digital posi- 
tion of address-A. As previously mentioned, the final 
step of an "add" instruction is to effect the copying of 
the sum data v/ord from address-A into the particular 
memory address as previously specified. 

A "subtract" instruction is carried out in essentially the 
E?i!io manner as the just-described "addition" operation, 
v/ith the exception that prior thereto, the state of line 
(SAS)', originating in FIG. 53, is selectively rendered 
7 RUE, the state of lino SAS, of course, being simultane- 
ously rendered FALSE. Consequently, in the previous 
example, the adder-subtracter unit now efi!ectively sub- 
tracts the v/ord in address ib(p from the word in address-A, 
after which the difference v.'ord is transferred from ad- 
drcss-A to a particular address in memory as specified. 

As the mode of operation of the adder-subtracter unit 
in carrying out an addition or a subtraction m.athematical 
operation is essentially the same in both instances, in 
light of the just-described detailed mode of operation with 
respect to an addition operation, a further detailed mode 
of operation thereof v/ith respect to a subtraction opera- 
tion is not deemed necessary in order to insure a full and 
conipleto understanding and appreciation of the adder- 
.sublracter portion of the instant computer. 

63. Control Counter Generally 

With reference to the upper left-hand portion of FIG. 
45A, there is diagrammatically illustrated a "control 
counter" comprising a multitude of flipflops and a maze 
of other electronic control circuitry. As v/iU become more 
obvious hereinafter, the control counter portion of the 
computer functions in many ways as a central regulatory 
means which electronically controls the proper sequence 
of all data handling and transfer within t'le computer, 
and, additionaliy, controls all communication between 
the control portion of the computer and the various input- 
output equipment utilized by the computer. Consequent- 
ly, due to the inherent complex functional nature of the 
control counter, it is not readily susceptible of being 
described as a separate entity as such. 

As an example of the foregoing, the first step to be 
carried out in the execution of each instruction is to 
]ead out from memory the next instruction word in the 
program and store the instruction word in the instruction 
register. After the instruction word is stored in the 
instruction register, the two decimal digits stored in sec- 
tion 1 thereof are "examined" to determine the particular 
type of instruction, or sequence of operations, to be carried 
out next. For example, as previously described, if the 
two-digit decimal number in section 1 is an "eleven," an 
"add-pairs-of-numbers" instruction is carried out, and all 
data thereafter transferred between data-handling sections 
of the computer is in accordance with a particular pat- 
tern dictated by this instruction. 

Each instruction concludes by effecting the storage in 
the word-selecting register, the address in memory of the 
next instruction word; the memory address usually is 
specified in section 5 of the present instruction word, also 
as previously described. After the address of the next 
instruction word is stored in the word-selecting register, 
the computer may immediately read out the next instruc- 
tion word from m.emory, or may pause for a predeter- 
mined period of time before reading out the instruction. 
Whether or not the computer immediately proceeds to 
cany out the next instruction in the program depends 
upon the particular mode of operation preselected by the 
operator. If the computer is operating in an "automatic" 
mode, the next instruction in the program is immediately 
carried out upon completion of each preceding instruction. 
However, if tlse computer is operating in a "manual" 
mode, all computation stops upon completion of each in- 
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struction and is not resumed until either the manual or 
the automatic-resume-program-push-button is depressed. 
Thereafter, the next instruc'.ion word, as specified by the 
word-selection register, is stored in the instruction register, 
the two decimal digits in section I of the instruction regis- 
ter are examined to determine the particular instruction to 
be carried out, and the computer then proceeds to carry 
out that particular instruction. 

64. Subinstructions Generally 

There have been previously mentioned, and briefly de- 
scribed herein, eighteen different types of general-purpose 
instructions to which the computer is responsive, and the 
specific mode of operation or sequence of data handling 
and transfer events which is initiated by the computer in 
carrying out each of the instructions given. For the pur- 
pose of convenience in describing in detail the inherently 
complex mode of operation which the computer executes 
in carrying out a particular instruction, each of the eight- 
een different instructions will hereinafter be considered a 
"subprogram" comprising a plurality of "subinstructions" 
which are sequentially given to the computer, the sequence 
of events initiated by the computer in carrying out each 
of the subinstructions being under the control of the "con- 
trol counter," as previously mentioned. 

Each of the just-mentioned subinstructions, hereinafter 
described, falls within one of six general categories, 
labeled "word-cycles," "subcommands," "variable-time- 
delays," "decisions," "incrementing and decrementing," 
and "miscellaneous," where a "word-cycle" type of subin- 
struclion effects the transfer of a data or instruction word 
from one memory address to another, or from one mem- 
ory address to the instruction register; where a "subcom- 
mand" type of subinstruction effects the modification 
and/or copying of an instruction or data word from one 
memory address to another; where a "variable-time-delay" 
type of subinstruction essentially indicates the degree of 
completion of a subprogram, somewhat like a "bookmark," 
while the computer, in a sense, is "waiting" for some out- 
side action or event to take place (for example, a vari- 
able-time-delay subinstruction is effective to stop the cycle 
of operation called for by a subsequent subinstruction 
while the operator indexes an amount into the key- 
board during an "enter-keyboard-words" instruction 
(EKW — Oft)); where "decision" type of subinstructions 
allows the cycle of operations called for by subsequent 
subinstructions to be skipped, depending upon certain 
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prescribed conditions being met, instructions involving 
(CFM— 15) and (CFE — 16), for example; where "in- 
crementing and decrementing" types of subinstructions 
effectively initiate an incrementing or decrementing cycle 
of operation with respect to the various counters within 
the computer; and where the subinstructions labeled "mis- 
cellaneous" are those types which do not come within a 
common classification. 

65. Functional Listing and Description of Subinstructions 
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In the following chart is a functional listing and descrip- 
tion of a substantial portion of the various subinstructions, 
with each being preceded by a code designation which 
identifies that particular subinstruction. It is to be noted 
that each subinstruction, in a sense, is related to a specific 
portion of the computer control circuitry even though 
each such specific portion does not always exist as a sepa- 
rate and distinct entity as such. Therefore, in an attempt 
to further simplify the following description, the code 
designation preceding the leftmost hyphen corresponds to 
a like-designated signal line, the state of energization of 
which is the prime instrumentality, either in initiating the 
required cycle of operation as called for by that particular 
subinstruction after certain prescribed conditions have 
been met, or, in some instances, as an indication that a 
particular cycle of operation has been completed. The 
fact that more than one code designation refers to a 
common signal line indicates that a corresponding num- 
ber of different cycles of operation are selectively initiated 
or indicated by that particular signal line; i.e., the line 
has more than one function, as indicated by the numeral 
in parentheses. The location in the drawings of the origi- 
nation of each of such like-designated signal lines is given 
by the figure number of the drawing in the column of 
the chart below labeled "FIG. NO." The particular type 
of each subinstruction is given by the notation in the col- 
umn labeled "TYPE," wherein type "WC" designates a 
"word-cycle" type of subinstruction; "SC" designates a 
"subcommand" type subinstruction; "VTD" designates a 
"variable-time-delay" subinstruction; "D" designates a "de- 
cision" type subinstruction; "I-D" designates an "incre- 
menting or decrementing" type subinstruction; and "M" 
designates a "miscellaneous" type subinstruction. The 
asterisk symbol designates the next cycle of operation in 
the subprogram which is to be carried out upon comple- 
tion of the cycle of operation called for by that particular 
subinstruction. 



SUBINSTRUCTIONS 



Code 



CLC-0-'. 
CM-n-*-. 
CPA-0-*. 
CPM-n-' 

CYC-0-* 
D«-X-Y_ 
Dl-X-Y.. 
D2-X-Y.. 
D3-X-Y._ 
D4-X-Y.- 
D5-X-Y.. 
D6-X-Y.. 
D7-X-Y.. 
D8-X-Y-. 
DO-X-Y.. 
DAD-0-* 



AD(l)-0-'_. 
AD(2)-0-*. 

AF-0-* 

AI-X-Y..- 



AM-n-*.- 



ARO-0-* 
BB-0-*-. 
Bd-X-Y_, 
BM-n-*.. 



CA(l)-0-*.. 
CA(2)-0-'- 

CB-0-* 

CBS-0-*--- 
CCR-X-Y. 



Type 



I-D. 
I-I>- 
I-D. 

M... 



WC - 



SO-., 
M-_. 

WC. 



WC 

WC- 
WC-. 

M.... 



M._. 
WC. 
SC. 
SC.. 



I-D. 
D... 
D--- 
D.-. 
D... 

D. 
]>- 
D_ 



D-- 

sc. 



rig. No. 



82 
74 
74 
74 

61 
63 
6fi 
63 
63 
63 
63 
03 
63 
63 
63 



Description 



lucrement di^lt-couiitcr. 

Decrement digit-counter. 

Increment F-conntL-r. 

If the ditcit just read from the paper tape is an alternate-instruction symbol, go to Stop-Y; 

otherwise, ^o to Stop-X. 
Cony word of addrcss-A into memory at address specified by scctiou-n of instruction 

register. 
Add word of address-A to a constant and store result in addro.^3-A. 
Record single liaeBnd type of infoinration on ledger card. 
If bit-connter is at bit "d," go to tStep-Y; otlierwi.se, go to Step-X. 
Copy word of addrcss-B into memory at address specified by sectlon-n of instruction 

register. 
Clear address-A; i.e., WTitc all "zeros" tbereln. 

Copy word indicated by accounting machine readout switclies into address-.l. 
Clear address-B. 

Energize "credit-balance" solenoid. 

AV'ait until clock pulse is magentieally picked up from ledger earii and, tlici'oaftcr, co to 
Step-Y. When ledger card is all the way into carriage prior to reversal, go to Stcp-X 
if a clock pulse has not been picked up. 
Close accounting machine carriage. 

Clear memory address specified by section-n of Instruction register. 
Complement word of address-A and store result in address-A. 
Complement word of memory address specified by section-n of instruction register and 

store result in same address. 
Increment bit-counter. 

go to Stop-Y; otherwise, go to Stcp-X. 

go to Step-Y: otborwisc, go to Step-X. 

to to Step-Y; otherwise, go to Stcp-X. 

go to Step~Y; otherwise, go to Step-X. 

go to Step-Y; otherwise, go to Stcp-X. 

go to Step-Y; otherwise, go to Ste])-X. 

go to Step-Y; otbcrwlse, go to Step-X. 

go to Step-Y; otherwise, go to Stcp-X. 

to to Step-Y; otherwdse, go to Step-X. 

go to Step-Y; otherwise, go to Stcp-X. 



If digit-counter is at "0 
If digit-counter is at "1,' 
If digit-counter is at "2,' 
If digit-counter is at '3, 
If digit counter is at 
If digit-counter is at 
If digit-counter is at 
If digit-counter is at 
If digit-counter is at 
If digit-counter is at 



9," 
Add a constant to word In address-B and store sum lu addrcs,s-B. 
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SUBINSTEUCTIONS— Continued 



Code 


Typo 


Fig. No. 


Description 


DR-0-* 


i-n - 

I-D 


68 

5-1 

77 


Docrement Ti-countrr, 


DE2-0-* - - 




EAS-X-Y 


D 


If tho algubralc sign of tiie Uifferenrc is iiositivn, go to Stcp-Y; otherwise, go to Step-X. 
If tiic disit just read from paper tape is an end-of-trame symbol, no to Step-Y; otbcrwisc, 
go to Stci>-X. 


EOF-X-Y 


D 


EOW-X-Y - - 


D 


E 9-X-Y 


]> 




E10-X-Y . --. 


1> 




ac-0-* 


VTD 

M 




G0-0-* 


82 

67 

67 

67 

67 

57 

57 

57 

69 

72 
72 

BS 
61 

71 
76 
71 

71 

00 

70 

75 
85 
57 

57 

57 

67 

86 
76 
86 
76 

81 
81 
81 
81 
81 
81 
76 

76 
71 

69 

76 
76 
76 
76 
76 
76 
76 
77 
77 
77 
77 

81 

81 

72 

72 
65 
71 
71 
71 
70 
70 
68 
68 
68 
76 
7C> 
76 
64 
68 
68 


Go to next step in suhprnf3;i-am whenever depression of a motor l>ar will initiate a cycle of 

operation of the accounting machine. 
Itliieh-order digit of section-2 of instruction register is "0," goto Step-Y; otherwise ,goto 

Stei)-X. 
ItliiEii-ordcr digit of section- 2 of instruction register is "1," go to Step-Y; otherwise, go to 

Sten-X. 
If higti-ordcr digit ofscction-2 of instruction register is "2," go to Step-Y; otherwise to to 


II*-X-Y 


D 


Jll-X-Y - -.- 


D .. 


H'-X-Y --- 


D .. 


H3-X-Y 


D 


Step-X. 
If liigh-order digit of section-2 of instruction register is "3,", go to Stcp-Y; otlierwlso, go to 

Step-X. 
If high-order digit of sectioa-2 of instruction register is "4," go to Bte[}-Y; otherwise, go to 

Step-X. 
If high-order digit of scction-2 of instruction register, is "5" go to Stcp-Y; otherwise, go to 

Step-X. 
If liigli-ordcr digit ofscction-2 of instruction register is "0," go to Step-Y; otlierwisc. go to 

Step-X. 
If memory addresses specified by sections 3 and 4 of instruction register are equal, go to 

Stcp-Y; otlierwisc, go to Ste!)-X. 
If digits in E counter and digit-counter are er[Ua!, go to Step-Y; otherwise go to ,StOP-X 


H4-X-Y -- 


D 


H&-X-Y 


D 


H(j X-Y 


D 


131 X-Y --^ 


D 


IFD X Y 


D . . 


IFJ-X Y --- - _ -- 


U 


If digits in F-counter and "J" digit-register ai'e equal, go to Step-Y; otherwise, go to Step- 
X. 




I-D 


IW-0-* 

J9 X-Y 


M 

T) 


Transfer contents of particular section of instruction register into word-selecting register 

:is indicated by the state of a correspondiug one of lines TI2 through 'i'I5. 
If digit in "J" digit-register is a "9," go to 8tep-Y; otherwise, go to Step-X. 
Variable tinie-dclay. 


Jilll-O-* - - - 


VTD 

M 

M 


JL(l)-0-* - — 

JL(2) 0-* 


Store in "J" digit-register the data l)lt read from ledger card, wdiicli bit corresponds to 

count in i>it-counter. 
Store in "J" digit-register tlie data Ijit read from memory, which bit corresponds to count 

in bit-counter. 
Copy digit of "J" digit-register into memory address at digital position indicated by 

digit-counter, the address in memory Ijeing specified l)y section-m of instruction register. 
It digit in "K" digit-register is a "0," go to Step-Y; otherwise, go to Step-X. 
Variable time-delay. 


JM-n-' - 


M 


K* X-Y 


D 


KEY-0-* 


VTD 

M 


j^O-* --- 




I.,^X-Y-_ 

Ll-X-Y 

L2-X-Y 

L3 X-Y - 


D 

D.- 

D 

D 


If low-order digit in section-2 of instruction register is a "0," go to Step-Y; otherwise, go 

to Step-X. 
If low-order digit in aecHon-2 of instruction rci;istcr is a "1," go to Step-Y; otlierwisc, go 

to Step-X. 
If low-order digit in sccti«>n-2 of instriiclion register is n "2," go to Step-Y; otlierwisc, go 

to Step-X. 
If low-order digit in section-2 of instruction rcsistcr is a "3," go to Step-Y; otherwise go 


LFA-0-* 

LK-0-* - 


M.. 

VTD 

M 


to Steji-X. 
Wait for next iineflnd impulse. 


LL-0-* 


Itecord nmltiple llnefind type information on ledsxT card. 


MA-n-* - 


WC 


Copy word from memory into addrcss-A, and, siinultaneously, copy the word digit by 


MB0(1)-O-*— - 

MB*(2)-0-* 

ATBl(l^-0-* _ -- 


M 

M 

M 


digit into "J" digit-register, the address of the word in memory being specified by 

section-n of the instruction register. 
Depress upiXT motor bar for touch operation. 
Depress upiirr motor bar for liold operation. 
Depress middle motor bar for toucli oiieratinn. 
Depress middle motor bar for hold operation. 


MBlC2)-0-* - 


M 


MB2Cl)-0-* 


M 

M 


MB2(2)-0-* 

MI 0-* - - - 


Depress lower motor bar for hold operation. 

Copy instruction word from memory into inslruction register, the memory address of 
the instruction word being indicated by tiie contents of tlie word-selecting register. 


WC 


MIC-0-* - - 


VTD 

WC 


MJ-n-* - - - 


Copy the word stored in the address in memory, as speciiled by section-n of the instruc- 


MK-ii-* - 

MOUdl-O-* 


M _ 

VTD 

M 


tion register, digit by digit, into the "J" digit-register. 

Copy the digit of the word, as indicated by the digit-counter, from memory address into 
"K" digit-register, the address in memory being speciiled by section-n of the instruc- 
tion register. 

Variable time-delay. 


MOU(2) 0-* 


Eject the ledger card. 

Variable time-delay. 

If state of line OBM is TRUE, go to Step-Y; otlierwisc, go to Step-X 

Preset line OBM to a FALSE state. 

Preset state of line OBM to correspond to sign of w^ord read from memory. 

Preset line OBM to a T RUE state. 


OBMCl)-0-* 

0BM(2)-X-Y 

OBM(3)-0-* 

0BM(4)-0-*--- 

OB\t(6V0-* 


VTD 

D__ 

M.. 

M 

M 


0BNC1)-X~Y 


U 


If state of line CBN is TRUE, go to Step-Y; otherwise, goto Step-X. 


OTiNiJ)-0-* 


M 


Preset line OBN to a TKUB state. 


0BNC3)-0-' 

0BN[.4)-0-* 


M 

D 


Preset line OBN to a F.ALSE state. 

Set line OBN to a TRUE state if the sini of the word read from memory corresponds to 


oni-0-' - 

OII2-0-' 

PCT-0-* - 

PF*-0-* 


M 

M 

M 

M 


the state of line OBM; otherwise, set line OBN to a FALSE state. 
When jirinting occurs, place a comma i>etween rows #6 and ^, and, if there is no significant 

digit in rows #6 through #10, print a "zero" preceding the comma. 
AVhen printing occurs, place a comma iietweeii rows #8 and #9. If there is no significant 

digit in rows #9 or #10, print a "zero" preee,ding the comma. 
When amount racks are traveling in a "setting" direct ion, go to next step in subprogram 

each time the timing rack ciianges digital position and also when priuting liner comes In. 


pr*-o-* 

PJ.J-0-* 

PH-0-* 

PJ5-0-' 

PKrt * 


M.. 

M.. 

M.._ _._ 

M ___ 

M 


Preset instruction register to "zero." 
Preset "J" digit-register to "0." 
Preset "J" digit-register to "1." 
Preset "T" digit-register to "6." 
Preset "K" digit-register to "0." 
Preset "K" digit-register to "9." 
Preset K-couriter to "0." 


PK9-0-* 

P Ht/i-O-* 


M.. 

M 


PR2 0-* 


M .__ 




IfPS-O-* 


M 


Preset R-counter to "8." 


PTF-0-' 

PTIl-0-'.. 

PTS-0-* 

PW.<>-0-' — 

K(!.-X-Y 

lU-X-Y — - 


M.._ _.. 

M 

M 

M 

D 

J-).. 


q^ranslate paper tape in a forward direction. 

Translate paper tape in a rCA'crse direction. 

Stop paper tape. 

Preset word-selecting re;dster to "00." 

If R-counter is "0," go to Step-^i'; otherwise, go to Step-X. 

If R-counter is "1," go to Step-Y; otherwise , go to Step-X. 
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Code 


Type 


Fig. No. 

68 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
77 

68 
77 
08 

68 

77 
78 
81 

78 

78 
78 
79 
79 
79 
79 
79 
75 
69 

60 


Desoription 


E8-X-Y_ 

RA*-0-* 


D 

M 


If R-eoTintor is "8," tlirai pro to Step-V; otherwise, go to Step-X. 


RAl-0-*.. . _ 


M 


Vli\iTiz\7jG st^coiid-ordor riiclv-stoppinG" sol^Tioid 


RA2-0-* 


M- _ 




RA3-0-* . 


M 


Eiicriiize fonrtli-order rack-stopping solenoid. 
Enor^'i/.e fiftli-ordor racfc-stopping solenoid. 
EnerRlzc slxth-ordor rack-stoppina solenoid. 
Energize seventb-ordor rack-stoppoii:? solenoid. 
EneTgi?c> eighth-order raclc-stopjn'ng solenoid. 
Ener^d^'.c niutb-ordor rack-stoppiiiE solenoid. 
EnerRiEc tenth-order raek-stoppinK solenoid. 

Add the word in the address specified hy section~n of the instruction resistor to the -word 
in address-A, and slore snm in address-A. 


RA4-0-* _ . . 


M 


RA5-0-' 


M - - 


RA6-0-* -. 


M - 


RA7-0-* 

RA8-0-» 


M 

M 


RAe-0-» 


M 


BAD-n-* - 


SC 


Rb-0-« 


M 


REV-X-Y 

RLM-n-' 


D 

M 


If accouiitini? machine reverse key is depressed, go to Step -Y: if not, go to Step-X. 
Load into R-countcr a digit from word in memory address speciried'hy section-n ot the 

instrnction register, which digit corresponds to connt in digit-counter. 
Preset the count of tlie R-counter to correspond to low-order digit of section-2 of instruction 

register. 
Varialjle time-delay. 
Upon dejjression of resurae-nrogram-bar, go to next step in subprogram. 


RLR-0-' 


M 


ROS-0-' - 


VTD 

VTD._ 

M 


RPB-0-* 


RRS-0-* 


RSB-n-* -.- 


SC 


Subtract word in memory from word in address-A and store remainder in addrcss-A, 


SA(l)-0-' - ^ 


SC 


the address in memory being sijeclfied by seetion-n of the instruction register. 
Shift word of address-.A. one place to left and store result in address-A. 
Shift word of addre.'JS-A one place to right and store result in address-A. 


SAC2)-0-* 


SC 


8AiM-0-* 


VTD 

SC . 

SC 


SBa)-0-* 


Shift M^ord of address-B one place to left and store result in address-B. 
Shift w-ore of address-B one place to right and store result in address-B. 


SB(2)-0-* 


SES-0-' 


VTD 

M 


STD-n-* 


Copy contents of scetion-n of instruction register into word-selecting register. 


TOL-0-* 


M 




TDA-X-Y - -^ 


D 


If the character just readfrom the tape is a data digit, go to Slcji-Y; otherwise, go to Step- 


TDS-n-* 


M 


X. 

Store the data just read from the tape in memory address specified bv contents of section-n 






of instruction register. 



66. Word-Cycle Subinstructlons 

Each of the previously-described word-cycles is herein 
classified in one of three categories, depending upon the 
pai, licular mode or sequence of operations initiated there- 
b)i. The first category comprises word-cycles (AM-?!-*), 
(B.V[-n-*), and (MA-n-*), which are hereinafter re- 
spectively designated "AM," "BM," and "MA" word- 
cycles. As shown in the just-preceding chart, an "AM" 
word-cycie initiates the copying of the v/ord of address-A 
into the memory address specified by a particular section 
of the instruction register; a "BM" word-cycle initiates the 
copying of the word of address-B into the memory ad- 
dress specified by a particular section of the instruction 
register; and a "MA" word-cycle effects the copying into 
address-A of the word located in tbe memory address spec- 
ified by a particular section of the instruction register, 
the word also being simultaneously copied digit by digit 
into the "J" digit-register. 

The second category comprises word-cycles (CA-0-*), 
(CB-O-*), and (CM-«-*), which are hereinafter re- 
spectively designated "CA," "CB," and "CM" word-cycles. 
Again, as shown in the just-preceding chart, a "CA" 
word-cycle is capable of selectively initiating two distinct 
modes of operation. The first mode of operation selec- 
tively initiated thereby is the clearing of address-A by 
the storage of "zeros" therein, whereas the second mode 
of operation selectively initiated thereby is the copying 
into address-A of the word indicated by the collective 
conditions of the accounting machine rack read-out 
switches. A "CB" and "CM" v/ord-cycle respectively 
initiates the clearing of address-B and the memory ad- 
dress specified by a particular section of the instruction 
register. 

The third category comprises word-cycles (Ml-n-*) 
and (MJ-/I-*), which are herein respectively designated 
"MI" and "MJ" word-cycles, where a "MI" word-cycle 
initiates the copying into the instruction register of the 
instruction word previously stored in a specified address 
in memory, and where a "MJ" word-cycle initiates the 
digit-by-digit copying into the "J" digit-register of the 
word stored in a particular address in memory. 

Each word-cycle comprises forty read-write bit cycles 
of forty microseconds each, plus one bit time of forty 
microseconds preceding the first read-v/ritc bit cycle, and 
plus one bit time of forty microseconds follov/ing the 
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30 completion of the last read-write bit cycle, for control 
purposes. Thus, the total time required for completion 
of a word-cycle operation is 1.68 milliseconds. 

During the first bit time period preceding the first read- 
write bit cycle, transfer to the word-selecting register 
of the selected memory address previously stored in the 
instruction register is effected by selectively energizing 
one of lines TI2 through TI5 (FIGS. 64 and 64) in the 
manner previously described with respect to the mode 
of operation of instruction register. Also during the 
first bit time preceding the first read-write bit cycle, the 
states of the particular signal lines that initiate the se- 
lection of a particular one, or ones, of memory addresses 
<t><t> through 99 and addresses "A" and "B" are selectively 
rendered TRUE. For example, as shown in FIG. 60, 
in order to initiate any one of word-cycles "AM," "BM," 
"CM," "MA," "MJ," or "MI," the state of a correspond- 
ingly-labeled input line to logical OR 3116 is rendered 
TP,.UE and thereby renders the state of output line MYW 
TRUE also. As previously described, the state of output 
line MYW is rendered TRUE for a period of 1680 micro- 
seconds to permit one of Y-di'iver output lines YT)!j> 
through YD9 (FIG. 65) to be selectively energized for 
tv.'enty-microsecond periods by selected ones of output 
lines yh'<jMi> through W<^9 from the decoding portion of 

S5 the low-order section of the word-selecting register. Like- 
wise, in order to initiate any one of word-cycles "AM," 
"CA," or "MA," the state of a correspondingly-labeled 
input line to logical OR 3126 (FIG. 60) is rendered 
TRUE and thereby renders the state of line AYW TRUE 
also. The state of line AYW, in this instance, is also 
rendered TRUE for a period of 16S0 microseconds to 
permit Y-driver output line AAD, for address-A, to be 
selectively energized (see also FIG. 52B); and, in order 
to initiate one of word-cycles "BM" or "CB," the state 
of a correspondingly-labeled input line to logical OR 3127 
is rendered TRUE and thereby renders the state of line 
BYW TRUE also. The state of line BYW, in this in- 
stance, is also TRUE for a period of 1680 microseconds 
to permit Y-drivcr output line BBD for address-B to be 
selectively energized. 

Also during the first bit time period preceding the first 
read-write bit cycle, in order to initiate an "AM" or 
"BM" word-cycle, logical AND 1088 is conditioned by 

75 the state of a conespondingly-labeled one of lines AM 
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and BM being rendered TRUE, so that, when the stiife 
of hne ASA from address-A and B sense amplifier flip- 
flop 6056 (FIG. 67A) is rendered TRUE, the state of 
output lino MXW also is rendered TRUE. In order to 
initiate a "MA," "MJ," or "MI" word-cycle, logical AND 
3120 is conditioned by the slate of a correspondingly- 
labeled one of lines MA, MJ, and MI being selectively 
rendered TRUE, so that, when the state of line MSA 
from the memory sense amplifier flipflop 6055 (FIG. 
67A) is rendered TRUE, the state of output line MXW 
is thereby rendered TRUE. As previously described, 
when the state of line MXV/ is TRUE simultaneously with 
lines SMC and C41, all the inputs to logical AND 1098 
are thus TRUE, and, as a result, the state of line XDW 
is thereby rendered TRUE, the states of line XDW and 
output lines BaM through BrfM from the bit-counter 
being capable of effecting selective energization of X- 
driver output lines XDa through XDii. 

The chart below illustrates the respective state which 
each of lines MYW, AYW, BYW, and MXW is selec- 
tively and conditionally rendered in response to the initia- 
tion of each of the eight word-cycles just described: 



Word-Cycles 


MYW 


AYW 


BYW 


MXW 


"AM" 

"BM". 

"CA" (1). 


True 

True 

False 

False 

False 

True 

True 

True 

True 


True 

F^alsc _ 

True 

True 

False 

False _ 

^j'rue 

F'alse 

F'alse 


Fiilse 

True 

False. 

False 

True 

False 

False 

False 

False 


True. 
True. 


"CA"(2) 

"CB" 

"CM" 


True. 
False. 
False. 


"MA" _... 

"MI" 

"MJ"_-- -.- 


True. 
True. 
True. 







As just mentioned, in order to effect the carrying out 
of each of the previously-described word-cycles, with 
the exception of line MXW, the state of a selected one, 
or ones, of lines MYW, AYW, and BYW is selectively 
rendered TRUE during the entire word-cycie initiated 
thereby; i.e., 1680 microseconds. Vv'iih reference to 
FIGS. 64 and 65, with the exception of a "MI" word- 
cycle, the state of line (PW^)' is TRUE at the beginning 
of each word-cycle, so that, at the first TfME-2, the 
state of line (PW<^)' is rendered FALSE and thereby 
causes the v/ord-selecting register to be preset to "00" 
at TiME-2. With reference to FIG. 61, the state of 
line IW is rendered TRUE at TlME-3 and remains 
TRUE for ten microseconds until TIME-4, at which 
time the state of line IW is rendered FALSE. As shown, 
line IW is logically ANDED with each of lines TS2 
through TS5, so that the contents of a preselected one 
of sections 2 through 5 of the instruction register is 
transferred to and thus stored in the word-selecting regis- 
ter at TiME-4 when the state of line IW is rendered 
FALSE, all in the manner previously described with re- 
spect to that portion of the description relating to the 
mode of operation of the instruction register. At the 
just-preceding TiME-3, the state of line WDF is rendered 
TRUE, and, consequently, the states of all the inputs 
to logical AND lUS are simultaneously TRUE at TIME- 
3, so that, ten microseconds later at the just-mentioned 
TIME-4, the state of the reference input to flipflop 6039 
changes from TRUE to FALSE, thus rendering the state 
of line CFF TRUE at TIME-4. Thereafter, the state 
of line CFF remains TRUE for a period of 1600 micro- 
seconds. As the states of both of the input lines to logi- 
cal AND 1131 are simultaneously TRUE at each TIME- 
4 during initiation of a word-cycle, it is evident that the 
state of line CYC is rendered TRUE at each TIME-4 
and is rendered FALSE at each TiME-1. 

As previously described with respect to the bit-counter 
(FIG. 62), for each successive occurrence of a TRUE- 
to-FALSE change of state of line CYC, the bit-counter 
is selectively incremented or decremented by a count of 
one binary bit. Thus, at the second TIME-1 at the be- 
ginning of each word-cycle, the bit-counter is effectively 
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iiicrcniented or decremented, so that the state of output 
lino Ba therefrom is rendered TRUE instead of line Bd, 
or vice versa. A.s shov/n in FIG. 60, the state of line 
MOO is rendered TRUE for the entire time duration of 

5 each of the word-cycles. Therefore, with reference to 
FIG. 61, the states of all of the input lines to logical 
AND 1123 are simultaneously TRUE at the first TIME-4 
of each word-cycle, the state of output line AD is ren- 
dered TRUE at the first TlME-4 and, ten microseconds 

10 later, is rendered FALSE at the second TIME-1. As 
previously described with respect to the digit-counter 
(FiG. 63), for each successive TRUE-to-FALSE change 
of state of line AD, the digit-counter is selectively incre- 
mented or decremented by one digit, depending upon 

15 v.'hether the digit-counter was previously conditioned to 
count in a forward or a reverse direction. Therefore, 
Vv'hon the bit-counter effectively advances from a count 
of "d" to a count of "a," the state of line AD reverses 
from TR.UE to FALSE, and, consequently, at the sec- 

20 ond TIME-1 when the state of line Bd is rendered 
FALSE, the digit-counter is effectively advanced from 
a count of "9" to a count of "0," as indicated by the 
state of digil-counfer line D0 being rendered TRUE at 
TIME-1. 

25 As previously described with respect to the word- 
selecting register (FIGS. 64 and 65) together with that 
portion of the previous description entitled "Detailed 
Read-'Write Cycle," the bit and digit counters in combina- 
tion determine which rov/ of cores is to receive a half- 

30 select current impulse during a read-write cycle. That 
is, the output of the bit-counter effectively determines the 
binary bit to be read out, whereas the output of the digit- 
counter effectively determines the particular digit of the 
word to be read out of a particular address in memory. 

35 V/ith reference to FIG. 60, at the first TIME-4 of 
each word-cycle when the state of line CFF is rendered 
TRUE, the states of all of the input lines to logical AND 
1094 are simultaneously TRUE. Thus, at the second 
TlME-1, tiie state of flipflops 6038 is reversed, so that 

10 the state of line SMC is thereby rendered TRUE and re- 
mains TRUE for 1600 microseconds during the entire 
read-write cycle of operation during which the ten-digit 
word is read out of a particular address in memory, the 
word being read out bit by bit, beginning with low-order 

45 bit "a" of the first-order digit and ending with high-order 
bit "d" of the tenth-order digit of the word, all in the 
manner previously described in detail. 

At TIME~4 after bit "d" of the tenth-order digit of 
th.c word has been read out, the state of the prime input 

50 to flipflop 6039 (FIG. 61) is reversed from TRUE to 
FALSE, so that the state of flipflop 6039 is reversed 
and the state of output line CFF is thereby rendered 
FALSE at the TlME-4 following the reading-out of the 
last bit of the word. Due to the fact that the state of 

55 line CFF is thus rendered FALSE, the bit and digit 
counters are prevented from being incremented at the 
foHowing TfME-1, but, instead, respectively remain at 
counts of "d" and "9." At the following TIME-1, the 
state of the prime input to flipflop 6038 (FIG. 60) is 

60 reversed from TRUE to FALSE, so that the state of flip- 
flop 6038 is reversed and the state of output line SMC 
is thereby rendered FALSE at the TIME-1 preceding the 
last forty-microsecond interval of the word-cycle, thus 
terminating the read-write cycle of operation. 

65 With reference to FIG. 61, when the slate of output 
line CFF is rendered FALSE by flipflop 6039 at TIME-4 
during the reading and WTiting of the last bit of the word, 
the state of line (CFF)', of course, being TRUE, the 
states of all of the input lines to logical AND 1119 are 

70 simultaneously TRUE at that particular TIME-4. Thus, 
at the TIME-1 preceding the last forty-microsecond in- 
terval of the word-cycle, flip-flop 6040 changes state, 
so that the state of line PC is thereby rendered TRUE 
and remains TRUE for a period of forty microseconds. 

75 Consequently, the state of output line AN is rendered 
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TRUE from TIME-4 to TiME-1, and the state of output 
line EG is rendered TRUE from TJME-2 to TJME-3 of 
the last forty-microsecond f;;riod of the word-cycle. At 
the last TIME-1, the state of line AN is rendered FALSE 
and, in a sense, effectively "turns off" the particuiar flip- 
flop which is responsible for initiating that particular 
word-cycle. For example, with reference to FIG. 74, 
in order to initiate an "AIVI" word-cycle, the state of out- 
put line AM is selectively rendered TRUE by flipflop 
6077; in order to initiate a "BM" word-cyde, the state 
of line BM is selectively rendered TRUE by flipflop 6079; 
in order to initiate a "CA" word-cycle, the state of line 
CA is selectively rendered TRUE by flipflop 6080; and, 
so on, for word-cycles "CB" (flipflop 6eSl, FiG. 74), 
"CM" (flipflop 6082, FIG. 74), "MA" (flipflop 6091, 
FIG. 75), "MI" (flipflop 6092, FIG. 76), and "MJ" (flip- 
flop 6066, FIG. 71). As shown, line AN is logically 
connected to the prime input of each of the just-mentioned 
word-cycle flipflops in a manner such that, when the state 
of line AN is rendered FALSE at TlME-1 following 
completion of each word-cycle, the state of the flipflop 
responsible for initiating that particular word-cycle is 
reversed, thus bringing to an end the word-cycle initiated 
thereby. 

With the exception of an "MI" word-cycle, each of 
the remaining word-cycles essentially conforms to the 
same time pattern thus described in detail. However, 
with respect to an "MI" word-cycle during which the 
state of line MI (FIG. 76) is rendered TRUE, the word- 
selecting register (FIGS. 64 and 65) is not preset to 
"00" as before, and, in addition, the state of line IW 
(FIG. 61) remains FALSE during the first forty-micro- 
second period of the word-cycle. Consequently, the in- 
dividual contents of sections 2 through 5 of the instruc- 
tion register are not transferred to the word-selecting 
register. Instead, each of the sections of the instruction 
register is preset to "00" prior to the transfer thereto of 
the word from a particular memory address. The re- 
maining portion of an "MI" word-cycle, however, is the 
same as just described. 

During a "MA" and a "MJ" word-cycle, the digits of 
the word in memory are sequentially stored in the "J" 
digit-register, starting with the first-order digit and end- 
ing with the tenth-order digit thereof. Thus, as shown 
in FIG. 71, the "J" digit-register is preset to "0" by a 
change of state of line PJ0 at TIME-3 during the "a" 
bit time interval of each digit during which the state 
of hne Ba is TRUE. Thereafter, bits "a" through "d" 
of the digit are sequentially stored in the "J" digit- 
register. 

67. Digit-Cycles 

There are occasions when it is desirable to read a 
word out of memory, or, conversely, to store a word in 
memory on a digit-by-digit basis, hereinafter called 
"digit-cycle," whereby the time lapse between each digit- 
cycle is possibly as long as three milliseconds, as, for 
example, during the carrying-out of "record-on-card" 
(ROC — 03), "enter-card-words" (ECW— 02), and "enter- 
punched-tape" (EPT — 17) instructions. 

With reference to FIG. 69, during an ROC, ECW, 
or EPT operation, the state of flipflop 6061 is selectively 
reversed, so that the state of output line TH is thereby 
rendered TRUE. Output line TH, when TRUE, renders 
the state of output line MK TRUE during an ROC op- 
eration, and renders the state of output line JM (FIG. 
6(J) TRUE during an ECW or an EPT operation. 

Referring to FIG. 60, when the state of output line 
MK is rendered TRUE during a ROC operation, the 
state of output line SOO is thereby rendered TRUE, 
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As will later be seen, the time required for completion 
of a digit-cycle is five binary bits of forty microseconds 
each; i.e., 200 lasec. Thus, at the beginning of the first 
forty-microsecond bit period for each digit-cycle, the 

5 state of line SOO is rendered TRUE and remains TRUE 
for the entire two-hundred-microsecond period until the 
digit-cycle operation is completed. With reference to 
FIG. 64, the states of all of the input lines to logical 
AND 119S are simultaneously TRUE at the beginning 
of each digit-cycle. At the following TIME-2, output 
line (PW^)' experiences a TRUE-to-FALSE reversal of 
state and, consequently, presets the word-selecting regis- 
ter to "CO." As shown in FIG. 61, the state of line 

15 DDF is rendered TRUE by AND gate 1114 at the first 
TjME-3 and FALSE at the first TIME-4 of the digit- 
cycle. As line IW is logically ANDED with each of 
lines TS2 through TS5, as previously described, and 
the state thereof is rendered TRUE at TIME-3 and 

20 FALSE at TIME-4, the contents of a selected one of sec- 
tions 2 through 5 of the instruction register is trans- 
ferred to the word-selecting register at the first TIME-4 
in the manner previously described. Also, at the first 
TIME-4, the states of all of the input lines to logical 

^'■^ AND 1128 are simultaneously TRUE, so that the state 
of line AD is rendered TRUE at the first TIME-4 and 
FALSE at the following TIME-1. Thus, when line AD 
experiences a TRUE-to-FALSE reversal of state, the 

gQ digit-counter is advanced at the second TIME-1 from 
a count of "9" to a count of "0." 

At the first TIME-3 when the state of line DDF is 
rendered TRUE, the states of all of the input lines to 
logical AND 1116 are TRUE. Consequently, at the 

^^ first TIME-4, the reference input to flipflop 6039 re- 
verses from a TRUE to a FALSE state, so that the state 
of output line CFF is rendered TRUE at the first TIME-4 
by a reversal of state of flipflop 6039. With reference 

^Q to FIG. 60, the states of all of the input lines to logical 
AND 1094 are simultaneously TRUE at the first TIME-4. 
Consequently, at the second TIME-1, the state of flip- 
flop 6033 is reversed, so that the state of output line 
SMC is thereby rendered TRUE. With reference to 

45 FIG. 70, the states of all of the input lines to logical 
AND 1391 are TRUE at the first TiME-3. Conse- 
quently, when the state of line AD is rendered FALSE 
at the second TIME-1, line PK5& experiences a TRUE- 
to-FALSE reversal of state and thereby presets the "K" 
digit-register to "zero," all in the manner previously de- 
scribed. Thus, it is evident that, each time the digit- 
counter is incremented by a change of state of hne AD 
during a digit-cycle operation, the "K" digit-register is 

55 unconditionally preset to "zero." 

Due to the fact that the state of hne CFF (FIG. 61) 
is rendered TRUE at the first TIME-4 of each digit- 
cycle and remains TRUE for 160 microseconds, the state 
of hne CYC is thereafter rendered TRUE at each TIME-4 

60 and FALSE at each T!ME-1. As previously described, 
when the state of line CYC is reversed from TRUE to 
FALSE, the bit-counter (FIG. 62) is incremented by a 
count of "one," assuming, of course, that the state of 
hne (DOD)' is previously rendered TRUE, as before 

65 stated. 

Thus, in the present example, when the state of line 
CYC is rendered FALSE at the second TIME-1, the 
bit-counter is eft'ectively advanced thereby from a count 

„ of "li" to a count of "a." As the state of output line 

'^ MYW (FIG. 60) is rendered TRUE by line MK, and 
as the state of output line MXW is selectively rendered 
TRUE by lines MK and MSA, the memory "X" and 
"Y" drivers and grounders are properly energized at 

75 the second TIME-1 in a manner previously described, 



50 



135 



3,112,394 



13S 



so that a memory read-write cycle of operation is car- 
ried out. Thus, the first-order digit of the word stored 
in the selected memory address is read out bit by bit 
and simultaneously stored bit by bit in the "K" digit- 
register (FIG. 70) via line KL. 

At the last nME-4 after bit "d" of the first-order 
digit of the word is read out, the state of flipflop 6039 
is reversed, so that the state of output line CFF is thereby 
rendered FALSE. Thus, with reference to FIG. 60, as the 
state of line (CFF)' is rendered TRUE at the last 
TIME-4, the state of flipflop 6038 is reversed at the 
following TIME-1, so that the state of output line SMC 
is rendered FALSE thereby to effectively de-energize the 
"X" and "Y" grounders and thereby terminate the read- 
write cycle after the first-order digit is read. With ref- 
erence to FIG. 69, the state of the prime input to flip- 
flop 6061 is rendered TRUE at the last TIME-4 when 
the state of line (CFF)' is rendered TRUE. Conse- 
quently, at the following TIME-1, the state of flipflop 
6061 is reversed, so that the state of line TH is thereby 
rendered FALSE, thus terminating the digit-cycle cycle 
of operation at the last TIME^l. 

68. Subcommand Subinstructions 

As shown in the preceding chart entitled "SUBIN- 
STRUCTIONS," an "ARO-O-*" subcommand, herein- 
after termed "ARO" subcommand, initiates the addition 
of the word of address-A to a constant and subsequent 
storage of the result in address-A; a "CPA-O-*" subcom- 
mand, hereinafter termed "CPA" subcommand, initiates 
the complementing of the word of address-A and subse- 
quent storage of the result in address-A; a "CPM-n-*" 
subcommand, hereinafter termed "CPM" subcommand, 
initiates the complementing of the word stored in memory 
at the address specified by a particular section of the 
instruction register, and subsequent storage of the result 
in the same address in memory; a "DAD-O-*" subcom- 
mand, hereinafter termed "DAD" subcommand, initiates 
the addition of the word of address-B to a constant and 
subsequent storage of the result in address-B; a "RAD- 
n-*" subcommand, hereinafter called "RAD" subcom- 
mand, effects the addition of the word of address-A to 
a particular word in memory and subsequent storage of 
the result in address-A; a "RSB-;i-*" subcommand, here- 
inafter termed "RSB" subcommand, initiates the subtrac- 
tion of a word in memory from the word of address-A 
and subsequent storage of the result in address-A; a 
"SA(l)-0-*" and a "SA(2)-0-*" subcommand, here- 
inafter termed "SA" commands, selectively initiates the 
shifting of the word of address-A to the right or to the 
left by one digital-order position and subsequent storage 
of the result in address-A; and a "SB(l)-0-*" and a 
"SB(2)-0-*" subcommand, hereinafter termed "SB" sub- 
commands, selectively initiates the shifting of the word of 
address-B to the right or to the left by one digital-order 
position and subsequent storage of the result in ad- 
dress-B. 

As will later be seen, due to the fact that a "RAD" 
subcommand initiates the addition of a particular word 
in memory to the word in address-A and subsequent stor- 
age of the sum word in address-A, the entire operation 
essentially comprises ten "double-digit" operations, in 
that eight read-write cycles of operation are required for 
each digital-order of the word, rather than four read- 
write cycles for each digital order, as in a word-cycle 
mode of operation previously described. 

With reference to FIG. 77, when a "RAD" subcom- 
mand is to be initiated, the state of flipflop 6097 is prop- 
erly conditioned, so that the state of oiitput line RAD is 
rendered TRUE at TIME-1, as a result of line AN being 
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rendered FALSE also at TIME-1 indicating that the pre- 
viously-initiated cycle of operation has been completed 
to the extent that a "RAD" subcommand is permitted to 
be initiated at this time. As shown in the following tim- 
ing chart, during the first bit time of forty microseconds 
after line RAD is rendered TRUE, several operations are 
performed in order to prepare the memory for a read- 
write cycle of operation beginning at the second TIME-1. 
For example, at the beginning of the cycle, the state of 
line (PW0)' (FIG. 64) is TRUE. Consequently, when 
line (PW9!.)' is rendered FALSE at TIME-2, the word- 
selecting register (FIGS. 64 and 65) is preset to "00." 
With reference to FIG. 69, line RAD being rendered 
TRUE at the first TIME-1 causes line F02 to be ren- 
dered TRUE also at TIME-1. With reference to FIG. 
60, when line F02 is rendered TRUE at TIME-1, the 
state of both the inputs to logical AND 1105 are simul- 
taneously TPvUE, so that output line ZA is also rendered 
TRUE at TIME-1, which, in turn, renders line SOO 
TRUE at TIME-1. 

With reference to FIG. 61, twenty microseconds after 
line SOO is rendered TRUE, line DDF is rendered TRUE 
at the first TIME-3 and is thereafter rendered FALSE 
at the fo'Iowing TIME-4. Consequently, output line 
IW is rendered TRUE at TIME-3 and FALSE at 
TIME-4. When line IW is rendered FALSE at TIME- 
4, the contents of a selected one of sections 2 through 5 
of the instruction register is transferred to the word- 
selecting register in the manner previously described. As 
shown in FIGS. 69 and 71, the states of lines FOO, JJF, 
and KKF are rendered TRUE at the first TIME-1 when 
line RAD is rendered TRUE. Thus, with reference back 
to FIG. 61, line AD is rendered TRUE at TIME-3 and 
FALSE at TIME-4 by logical AND 1129, the same as 
the state of line IW. When line AD is rendered FALSE 
at TIME-4, the digit-counter (FIG. 63) is effectively 
advanced from a count of "9" to a count of "0," also in 
a manner previously described, so as to permit the first 
eight read-write cycles to take place with respect to the 
first-order digits of the two operand words previously 
stored in memory. 

As line DDF is rendered TRUE at the first TIME-3, 
the reference input to flipflop 6039 experiences a TRUE- 
to-FALSE reversal of state at TIME-4, so that output 
line CFF is rendered TRUE also at TIME-4. Conse- 
quently, as a result of line CFF being TRUE at TIME- 
4, output line CYC is thereafter rendered TRUE at each 
TIME-4 and FALSE at each TIME-1. As previously 
described with respect to the bit-counter (FIG. 62), each 
time the state of line CYC reverses from TRUE to 
FALSE, the count thereof is advanced by one binary bit. 
Therefore, at the second TIME-1, the bit-counter is es- 
sentially advanced from a count of "d" to a count of 
"a." As shown in FIGS. 70 and 71, lines JJF and KKF 
are both rendered TRUE at the first TIME-1 by line 
RAD, and preset lines PJ0 (FIG. 71) and PK.^ (FIG. 

70) experience a TRUE-to-FALSE reversal of state when 
line AD is rendered FALSE at the first TIME-4. Conse- 
quently, both the "J" and "K" digit-registers are respec- 
tively preset to "0" by lines PJ0 and PK^ at the first 
TIME-4 when line AD is rendered FALSE. With ref- 
erence to FIG. 53, also at TIME-4 when line AD is ren- 
dered FALSE, the prime input to flipflop 6000 expe- 
riences a TRUE-to-FALSE reversal of state, so that line 
PCI is thereby rendered FALSE. Thus, in a sense, carry 
flipflop 6000 of the adder-subtracter unit is preset to "0." 
As shown in FIG. 79, v/hen line DDF is rendered 
FALSE at the first TIME-4, the state of flipflop 6105 
is reversed, so that output line SHA is rendered TRUE 
thereby. When line SHA is rendered TRUE at the first 
TIME-4, digit-cycle lines MK (FIG. 69) and AJ (FIG. 

71) are both rendered TRUE thereby also at the first 



137 



3,113,394 



138 



TIME-4. With reference to FIG. 60, when line SHA 
is rendered TRUE at the first TIME-4, iine (SHA)' 
being simultaneously rend.^red FALSE, output line ZA 
is rendered FALSE. 

As shown in FIG. 60, as line MK is rendered TRUE 
at TIME-4, output line MYW is also rendered TRUE for 
the first time at TIMEL-4. It is to be noted that, at the 
first TIME-1 when line ZA was rendered TRUE, output 
line AYW is also rendered TRUE thereby. Conse- 
quently, due to the fact that line AJ is rendered TRUE 
at TIME-4, output line AYW remains TRUE even 
though line ZA is rendered FALSE at TIME-4. When 
line CFF is rendered TRUE at the first TIME-4, all the 
inputs to logical AND 1094 are simultaneously TRUE. 
Consequently, at the second TIME-1, the state of flipflop 
6038 is reversed, so that output Hne SMC is rendered 
TRUE thereby. Immediately thereafter, a sequence of 
four read-write cycles of operation are carried out in 
essentially the same majiner as previously described with 
respect to that portion of the description entitled "De- 
tailed Read-Write Cycle." 

During the first four read-v.'rite cycles, the four binary 
bits of the first-order digit of the word stored in address- 
A is sequentially read out and simultaneously stored 
bit by bit in the "J" digit-register (FIG. 71) via gate 
1419 and line JL. Simultaneously therewith, the first 
four binary bits of the first-order digit of the word 
stored in a selected one of memory addresses (p(p through 
99 arc sequentially read out and simultaneously stored 
bit by bit in the "K" digit-register (FiG. 70) via gate 1383 
and Une KL. As just seen, it is possible to simultaneously 
read from a selected one of memory addresses A or B 
and a selected one of memory addresses <p(j> through 99. 
However, as before mentioned, a different word cannot 
be simultaneously written in the two selected addresses. 
Since it is desired that the selected word in one of memory 
addresses 00 through 99 be preserved, the first-order 
digit just read from one of memory addresses tptp through 
99 is simultaneously stored in the first-order digital posi- 
tions of address-A and the selected one of addresses <p<l> 
through 99. Consequently, with reference to FIG. 60, 
the information to gate 1038 from line ASA is essen- 
tially suppressed due to the fact that the state of lino 
(RAD)' is FALSE during the carrying-out of an "RAD" 
subcommand. This type of suppression is also neces- 
sary during the carrying-out of a "RSB" subcommand, 
which is to be described hereinafter. 

During the last bit time of the fourth read-write cycle, 
the bit-counter (FIG. 62) is at a count of "tf," so that 
output lines BCa and BCb from flipflops 6041 and 6042, 
respectively, are TRUE. Consequently, with reference 
to FIG. 61, at TIME-4 of the last bit time, the state of 
the prime input to flipflop 6039 Is reversed from TRUE 
to FALSE, and, as a result, flipflop 6039 reverses state, 
so that output line CFF is rendered FALSE at TJME-4 
of the fourth read-v/rite cycle and line CYC is thereafter 
prevented from subsequently effecting advancement of 
the count of the bit-counter. When line CFF is rendered 
FALSE, line (CFF)' being rendered TRUE, the state of 
the prime input to flipflop 6038 (FIG. 60) is reversed 
at TlME-1 following completion of the four read-write 
cycles, and, as a result, the state of flipflop 6038 is re- 
versed, so that output line SMC is thereafter FALSE. 
Also at TIME-4 when line (CFF)' is rendered TRUE, 
lines DDF and IW (FIG. 61) are rendered TRUE at 
the following TlME-3 and FALSE ten microseconds 
later at TlME-4. With reference to FIG. 79, when the 
output of gate 1699 is rendered FALSE at TIME-4 by 
line DDF, the state of flipflop 6105 is reversed, so that 
output line SHA is rendered FALSE thereby. When 
SHA is rendered FALSE at TIME-4, iine MK (FIG. 
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69) is thereby rendered FALSE, line AJ (FIG. 71) is 
thereby rendered FALSE, and line ZA (FiG. 60) is there- 
by rendered TRUE. 

With reference to FIG. bO, it is to be noted that, when 
line MK is rendered FALSE, line MYW is rendered 
FALSE thereby, and, consequently, the "Y" drivers for 
memory addresses <^0 through 99 are prevented from 
being energized. However, even though line AJ was 
rendered FALSE at TIME-4, line ZA was simultaneous- 
ly rendered TRUE. Therefore, line AYW remains 
TRUE, and, consequently, the "Y" driver for address-A 
is permitted to be selectively energized. 

With reference to FIG. 61, when the output of logical 
AND 1116 is rendered FALSE at TIME-4, the state of 
flipflop 6039 is reversed, so that output line CFF is 
rendered TRUE. Thus, at TIME-4 when line CFF is 
rendered TRUE, line CYC is likewise rendered TRUE 
and is rendered FALSE ten microseconds later at TIME- 
1. When line CYC experiences a TRUE-to-FALSE 
reversal of state at TIME-1, the bit-counter (FIG. 62) 
is eifeciivcly advanced from a count of "d" to a count 
of "<j." Also at TIME-], line SMC (FIG. 60) is rendered 
TRUE by a reversal of state of flipflop 6038. 

As is evident from the preceding portion of the de- 
scription relating to the adder-subtracter portion of the 
computer (FIGS. 53 and 54), immediately following 
the simultaneous copying into the "J" and "K" digit- 
registers of bit "d" from each of the first-order digits 
of the word originally stored in one of memory addresses 
<P<P through 99 and the word stored in one of addresses 
A and B, the sum and carry digits are immediately avail- 
able at the output of the adder-subtracter unit and ready 
for respective storage into address-A and carry flipflop 
6300 (FIG. 53). Consequently, immediately following 
the second forty-microsecond interval, four read-write 
cycles are sequentially initiated to effect the copying of 
the sum digit into address-A and the carry digit into the 
carry flipflop of the adder-subtracter unit. 

As previously described with respect to FIG. 54, the 
states of output lines AN« through ANt/ of the decoder 
portion of the adder-subtracter unit collectively represent 
the binary value of the sum digit, v/hereas the state of 
output line EAS indicates whether or not there is a 
decimal carry digit. As shown in the upper right-hand 
corner of FIG. 54, output lines ANa through ANd 
of the adder-subtracter unit are each logically ANDED 
with a corresponding one of lines Ba through Bd from 
the bit-counter (FIG. 62) in a manner such that, during 
the first forty-microsecond read-write cycle while the bit- 
counter is at a count of "n," the state of line Z is TRUE 
if binary bit "a" of the sum digit is a "1," and is FALSE 
if binary bit "a" is a "0." During the second forty- 
microsecond read-write cycle while the bit-counter is at 
a count of "i," line Z is TRUE if bit "fe" of the sum 
digit is a "1" and is FALSE if bit "b" is a "0," and so 
on for bit "c" and bit "d" of the sum digit. 

Therefore, with reference to FEG. 60,~as line ZA was 
previously rendered TRUE at TIME-4 preceding the 
initiation of the second sequence of four read-write 
cycles, output line MXW is thereafter rendered TRUE 
when line Z is rendered TRUE, the outputs from the two 
memory sense amplifiers, via lines ASA and MSA, being 
respectively inhibited by logical ANDS 1088 and 1091, 
and, thus have no effect on the state of line MXW during 
the second sequence of read-write cycles. Consequently, 
the corresponding one of "X" driver lines XDa through 
XDd, which are selected by lines BaM through BdM, 
are permitted to be energized only when the binary bit 
to be stored in address-A is a "1." 

After the four binary bits of the sum digit is stored 
in the first-order digital position of address-A, the state 
of the prime input to flipflop 6039 (FIG. 61) is reversed 
at TlME-4 of the fourth read-write cycle. Consequent- 
ly, the state of flipflop 6039 is reversed, and output line 
CtF is rendered FALSE thereby. At the following 
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TIME-l after line CFF is FALSE, the state of flipfiop 
6038 (FIG. 60) is reversed, and line SMC is rendered 
FALSE thereby. When line SMC is rendered FALSE 
at TIME-l, line XDW is likewise rendered FAI SE. 

During the forty-microsecond interval following the g 
second sequence of four read-write cycles, the count of 
the digit-counter is advanced from "0" to "1," and the "J" 
and "K" digit-registers are again preset to "0" preparatory 
to the storage therein of the second-order digits of the 
two operands located in memory. Thereafter, the second- ] o 
order digits of the two operands are added, together with 
the previous carry digit, and the new sum digit is stored 
in the second-order digital position of address-A in exactly 
the same sequence as just described with respect to the 
two first-order digits. Thereafter, the sequence of events ig 
is again sequentially repeated until the ten-digit sum of 
the two ten-digit operands is stored in memory at ad- 
dress-A. 

With reference to FIG. 61, at TIME-4 during the last 
bit time of the addition operation, the state of the refer- 20 
ence input to flipflop 6039 is reversed, so that output line 
CFF is rendered FALSE at TIME-4 by the reversal of 
state of flipflop 6939. As ail of the inputs to logical AND 
1119 are simultaneously TRUE at the last TIME-4, ten 
microseconds later at TIME-l, the state of flipflop 6040 is 25 
reversed, and the state of output line PC is thereby ren- 
dered TRUE for a period of forty microseconds. With 
reference to FIG. 60, when line (CFF)' is rendered TRUE 
at TIME-4, ten microseconds later at TIME-l, the state 
of flipflop 6038 is reversed and renders output line SMC 30 
FALSE. When line SMC is rendered FALSE at the last 
TIME-l of the subcommand, the "X" and "Y" drivers 
and grounders for the memory are prevented from subse- 
quently being selectively energized, thus terminating the 
last read-write cycle of operation. 3.") 

As shown in FIG. 61, as line PC is TRUE at tliis time, 
line AN is rendered TRUE at the last TIME-4 for a period 
of ten microseconds until the last TlME-1, at which time 
line AN is rendered FALSE. Therefore, v^ith reference 
to FIG. 77, when line AN is rendered FALSE at the last 40 
TIME-l indicating completion of the "RAD" subcom- 
mand, the state of the prime input to flipflop 6097 is re- 
versed from TRUE to FALSE and thereby causes a corre- 
sponding reversal of state of flipflop 6097, which, in turn 
renders output line RAD FALSE, thus terminating the 45 
sequence of operations of the "RAD" subcommand. 

In summary, like all other subcommands and word- 
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cycles, subcommand "RAD" is essentially turned "ON" 
at TIME-l. During the first bit time of forty microsec- 
onds after subcommand "RAD" is "ON," the control cir- 
cuitry for the memory is properly conditioned for simulta- 
neous reading and writing with respect to address-A and 
a selected one of addresses ^0 through 99. Thereafter, 
a sequence of four read-write cycles is initiated, during 
which the first-order digit of the word in address-A is 
stored in the "J" digit-register, and, simultaneously there- 
with, the first-order digit of the word in a selected one 
of memory addresses (p<l> through 99 is stored in the "K" 
digit- register. Following the first sequence of four read- 
write cycles, the sum and carry digits of the first-order 
digits of the two operands appear at the output of the 
adder-subtractor unit. Therefore, during the next bit time 
of forty microseconds following the first sequence of read- 
write cycles, the control circuitry for the memory is prop- 
erly conditioned preparatory to writing the low-order sum 
digit into the low-order digital position of address-A. 
Thereafter, a second sequence of four read-write cycles 
is initiated, during which time the sum digit is stored 
in the proper digital position of address-A. 

The above sequence of events is sequentially repeated 
for each of the remaining digits of the two operands 
until the sum of the two operands is derived and stored 
in address-A. After the addition operation is completed, 
line RAD remains TRUE for one more bit time of forty 
microseconds for other control purposes and then is ren- 
dered FALSE. It is seen, therefore, that a "RAD" sub- 
command comprises twenty digit-cycles, each of which is 
five binary bits in length, plus one spare bit at the end 
of the subcommand for control purposes. Consequently, 
the total time required to complete a "RAD" subcommand 
is 101 binary bit times of forty microseconds each, or 
approximately .004 second. 

The mode of operation of each of subcommands "RSB" 
(Regular Subtract), "CPA" (Complement in "A"), 
"CPM" (Complement in Memory Addresses 0(ji through 
99), "DAD" (Add Constant to "B"), and "ARO" (Add 
Constant to "A") is essentially the same as for a "RAD" 
subcommand except for minor exceptions, and, conse- 
quently, a detailed description thereof is not deemed neces- 
sary for a full and complete understanding thereof. An 
"RSB" subcommand, for example, essentially differs only 
in that subtract line SAS of the adder-subtractor unit 
(FIGS. 53 and 54) is rendered TRUE by line RSB at the 
beginning of the "RSB" subcommand. 
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Consequently, the difference betv/een the two digits in 
the "J" and "K" digit-regis-ters is obtained each time 
instead of the sum thereof, all of which is fully described 
previously with respect to that portion of the description 
relating to the adder-subtracter unit. 

In order to carry out a "CPA" subcommand, the word 
stored in address-A is complemented and thereafter stored 
in address-A. To accomplish this, each digit of the word 
in address-A is subtracted from "0," and the difference 
digit is stored in the proper digital position of address-A, 
with the carry digit being stored in the carry flipflop of 
the adder-subtracter unit, as previously described. To 
accomplish this, "0" is obtained by presetting the "J" 
digit-register to "0" at the beginning of the subcommand 
and, thereafter, leaving the "J" digit-register in the "pro- 
set to zero" condition during the entire subcommand. 
Consequently, during each sequence of four read-write 
cycles, the particular order digit of address-A is stored 
in the "K" digit-register. Thereafter, the digit is sub- 
tracted from "0" by the adder-subtracter unit, and, during 
the second sequence of four read-write cycles, the remain- 
der digit is stored in the proper digital position of 
address-A. A "CPM" subcommand is carried out in a 
similar manner; however, in carrying out a "DAD" sub- 
command, the word in address-B is selectively added to 
either of the constants OOOOOOOOOl or 0000000005, and, 
therafter, the sum thereof is stored in address-B. This 
is accomplished by first presetting the "K" digit-register 
to zero and immediately thereafter presetting the "J" 
digit-reigister to "1" or "5" at the beginning of the ini- 
tiation of the subcommand, depending upon the particu- 
lar constant desired to be added to the word in address-B. 
After ithe first-order digit of the word in address-B is 
stored in the "K" digit-register, the sum digit derived 
from the contents of the "J" and "K" digit-registers is 
stored in the fi^st-order digital position of address-B. 
Thereafter, the "J" digit-register is preset to "0" and re- 
mains in the "preset to zero" condition during the remain- 
der of the subcommand. An "ARO" subcommand selec- 
tively effects the addition of the word of address-A to the 
constant 0000000005 and, thereafter, effects storage of 
the sum in address-A instead of address-B in substantially 
the same manner as a "DAD" command. 

Like the previously-described subcommands, a "SA" 
and a "SB" subcommand comprises twenty digit-cycles, 
each five bit times in length, plus one bit time at the end 
of the subcommand for control purposes. Thus, the 
length of a "SA" and a "SB" subcommand is 101 bit times 



of forty microseconds each, or 4.04 milliseconds. In 
carrying out the dictates of a "SA" subcommand, each of 

30 the ten decimal digits of the word in address-A is effec- 
tively shifted, either to the next higher-order digital posi- 
tion or to the next lower-order digital position therein, 
which, in effect, respectively multiplies or divides the 
word in address-A by "ten." An "SB" subcommand 

35 effects the shifting of the word in address-B in a similar 
manner. 

Before describing in detail the modes of operation ef- 
fected by the "SA" and "SB" subcommands, a brief de- 
scription of each will now be given in order to facilitate 

40 a full and complete understanding thereof. 

If it is assumed that the word in address-A is to be 
shifted one place to the left, the "K" digit-register is 
first preset to "0" at the beginning of the cycle of opera- 
tion. Thereafter, the digit-counter is advanced from a 

45 count of "9" to a count of "0," and the "J" digit-register 
is simultaneously preset to "0." After the "I" digit-reg- 
ister is preset to "0," the first-order digit of the word in 
address-A is transferred to the "J" digit-register, and the 
contents of the "K" digit-register — i.e., "0" — is stored in 
the first-order digital position of address-A. Thereafter, 
the digit-counter is advanced from a count of "0" to a 
count of "1," and tlie "K" digit-register is again preset 
to "0," even though, in fact, the digit-register is already 
effectively storing a "0.". After the "K" digit-register is 
preset to "0," the second-order digit of the word in 
address-A is transferred to the "K" digit-register, and the 
first-order digit of the word, previously stored in the "3" 
digit-register, is stored in the second-order digital posi- 
tion of address-A. Tliereafter, the digit-counter is ad- 

60 vanced from a count of "1" to a count of "2," and the 
"J" digit-register is again preset to "0." After the ";" 
digit-register is preset to "0," the third-order digit of the 
word in address-A is stored therein, and the second-order 
digit in the "K" digit-register is stored in the third-order 

65 digital position of address-A. Thereafter, the digit 
counter is advanced from a count of "2" to a count of 
"3," and the "K" digit-register is again preset to "0." The 
just-stated sequence of events is repeated until each of 
the digits of the word in address-A is sequentially shifted 

70 to the next liigher-order digital position therein. 

In order to shift the word in address-A one digital 
position to the right, instead of to the left, as just de- 
scribed, both the bit-counter and the digit-counter are 
each effectively operated in a reverse direction, and, as a 

75 result, reading and writing with respect to address-A are 
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also in reverse order. Tliat is, bit "<:/" of ihs ten tlv order 
digit of the word in address-A is the first to be read out, 
and bit "a" of the first-order digit of the v/ord in address-A 
is the last to be read out. Iherefore, at the beginning 
of the operation, the "K" digit-register is preset to "0," 
and the digit-counter is decremented from a count of "0" 
to a count of "9." Thereafter, the "J" digit-register is 
preset to "0," after which the tenth-order digit is stored 
in the "J" digit-register. After the tenth-order digit is 
transferred to the "J" digit-register, the contents of the 
"K" digit-register — i.e., "0" — is stored in the tentli-order 
digital position of address-A. Thereafter, the digit- 
counter is decremented from a count of "9" to a count 
of "8," and the "K" digit-register is preset to "0," and 
so on, until the second-order digit of the word of address-A 
is shifted to the first-order digital position therein. 

It is to be noted that, in order to preserve the sign of 
a negative number whose complement is to be siiifted a 
prescribed number of places to the right, the "K" digit- 
register is initially preset to "9," and the numeral "9" is 
stored in the tenth-order digital position of the word at 
the beginning of each shifting operation of the word. 
Otheirwise, the sign is not preserved. 

As the word in address-B is shifted either to the left or 
to the right via an "ASB" subcommand in esseniially the 
same manner as just described with respect to address-A, 
a further description thereof is not deemed necessary for 
a full and complete understanding of the mode of opera- 
tion thereof. 

As will be seen later, in carrying out a "muItiply-doUar- 
decimal" (iVlCC— 12) or a "rnultiply-and-shift" (MUS- 
IS) instruction, the ten-digit words stored in addresses 
"A" and "B" are effectively combined to form a tv/enty- 
digit word, whereby address-B contains the ten lower- 
order digits and address-A contains the ten higher-order 
digits of the twenty-digit word. In order to shift such a 
twenty-digit word one place to the right, a "SA" subcom- 
mand is initiated, whereby the word in address-A is 
shifted to the right in the same manner as jtist described. 
However, at the conclusion of the "SA" subcommand, 
the original first-order digit of the word is address-A 
is stored in the "K" digit-register, and a "SB" subcom- 
mand is thereafter initiated. In this instance, however, 
the "K" digit-register is not initially preset to "0" at the 
beginning of the "SB" subcommand. Consequently, when 
the word in address-B is shifted one place to the right, in 
the manner just described, the original first-order digit of 
the word in address-A, which is stored in the "K" digit- 
register, is stored in the tenth-order digital position of 
address-B. Thus, each of the twenty digits of the twenty- 
digit word is effectively shifted to the next lower-order 
digital position of addresses "A" and "B." 

More specifically, a "SA" subcommand for shifting 
left is initiated and carried out in the following man- 
ner: With reference to FIG. 78, and v/ith additional 
reference to the following timing chart, in initiating a 
"SA" subcommand, the reference input to flipflop 6101 
is properly conditioned, so that, when line AN experi- 
ences a TRUE-to-FALSE reversal of state, indicating 
completion of the previously-initiated sequence of events 
to the extent that a "SA" subcommand is permitted to 
be initiated thereafter, output line SA is rendered TRUE 
by a reversal of state of flipflop 6101 at the first TftlE-l. 
With reference to the lower left-hand corner of FIG. 62, 
the state of line GOO is rendered TRUE at TlME-1 by 
line SA and remains TRUE as long as the state of line 
SA remains TRUE. With reference to the lower left- 
hand corner of FIG. 71, the states of lines JA and JIF 
are also rendered TRUE at TIME-1 by line SA. As 
shown in FIG. 60, the state of line SOO is rendered 
TRUE at TIME-1 due to the fact that the state of line 
JA is rendered TRUE at that time. Therefore, at the 
following TIME-3, all the inputs to logical AND 1113 
(FIG. 61) are simultaneously TRUE, thus rendering 
line DDF TRUE at TIME-3. Ten microseconds later, 
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at TIME--!, the state of line DDF is rendered FALSE 
by line C34, and, consequently, the state of fiipfiop 6039 
is reversed, so that the state of output line CFF is ren- 
dered TRUE thereby. 

At TIME-4, when the state of line CFF is rendered 
TRUE, the state of line CYC is rendered TRUE and 
remains TRUE for ten microseconds, at which time line 
CYC is rendered FALSE. Thus, when line CYC ex- 
periences a TRUE-to-FALSE change of state, the bit- 
counter (FIG. 62) is incremented from a count of "a" 
to a count of "a," in the same manner as previously de- 
scribed. With reference to FIG. 79, when the state of 
line DDF is rendered FALSE at T(ME-4, the state of 
flipflop 6105 is reversed, so that output line SHA is ren- 
dered TRUE thereby at TIME-4. As shown in FIG. 71, 
v.'hen line SHA is rendered TRUE, the state of line AJ 
is rendered TRUE thereby, and, simultaneously there- 
with, the state of line JA is rendered FALSE thereby. 

At TIME-3 when the state of line DDF is rendered 
TRUE, line AD (FIG. 61) is rendered TRUE for a pe- 
riod of ten microseconds, after which time line AD is 
rendered FALSE. When line AD experiences a TRUE- 
to-FALSE change of state at TiME-4, the digit-counter 
(FIG. 63) is advanced from a count of "9" to a count 
of "0," in the same manner as previously described. At 
TjME-4 when the state of line AD is reversed from 
TRUE to FALSE, the states of preset lines PJ((> (FIG. 
7!) and PK^ (FIG. 70) are both reversed thereby from 
a TRUE state to a FALSE state. Consequently, the "J" 
and "K" digit-registers are both preset to "0" at TIME-4, 
in the same manner as previously described. At the sec- 
ond TIME-1, the state of flipflop 6038 (FIG. 60) is re- 
versed, and output line SMC is rendered TRUE thereby 
and thus effects a read-write cycle, in substantially the 
same manner as previously described with respect to a 
"RAD" subcommand, to transfer the first-order bit of 
the first-order digit of the word in address-A, and sub- 
sequent storage of the bit in the "J" digit-register (FIG. 
71), via selective energization of line JL, all in the man- 
ner previously described. 

At the third TIME-1, the bit-counter is effectively ad- 
vanced from a count of "a" to a count of "b," a second 
read-write cycle is initiated, and, consequently, the sec- 
ond-order bit of the first-order digit in address-A is 
stored in the "J" digit-register. At the fourth TJME-1, 
the bit-counter is again incremented, a third read-write 
cycle is initiated, and the third-order bit of the first-order 
digit of the word in address-A is stored in the "J" digit- 
register. Finally, at the fifth TIME-1, the bit-counter 
is incremented to a count of "rf," a fourth read-write 
cycle is initiated, and, as a result, the fourth-order bit of 
the first-order digit of the word in address-A is stored in 
the "J" digit-register. 

At TIM&-4 during the fourth read-write cycle, the 
state of flipflop 6039 (FIG. 61) is reversed, and line 
CFF is thereby rendered FALSE. Ten microseconds 
later at the following TIME-1, the state of flipflop 6038 
(FIG. 60) is reversed, and line SMC is thereby ren- 
dered FALSE to prevent a read-write cycle from being 
initiated at that time. At the following TIME-3, thirty 
microseconds after the state of line CFF is rendered 
FALSE, the state of line DDF (FIG. 61) is rendered 
TRUE and remains TRUE until the following TIME-4, 
at which time line DDF is rendered FALSE. When line 
DDF is rendered FALSE at TIME-4, the state of flip- 
flop 6105 (FIG. 79) is reversed, so that output line SHA 
is thereby rendered FALSE at TIME-4. Also at TIME- 
4 when the stats of line SHA is rendered FALSE, the 
state of flipflop 6101 is reversed, so that output line SHB 
is thereby rendered TRUE at TIME-4. 

With reference to FIG. 71, when the state of hne 
(SFIB)' is rendered FALSE, the state of line AJ is there- 
by rendered FALSE. However, with reference to FIG. 
69, when the state of line SHB is rendered TRUE, the 
state of line KA is thereby rendered TRUE, and.conse- 
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quently, the state of line SOO (FIG. 60) remains un- 
changed. Also at TIME-4 following the fourth read- 
write cycle, the state of flipflop 6039 (FIG. 61) is re- 
versed, so that the state of line CFF is thereby rendered 
TRUE. With reference to FIG. 60, ten microseconds 
after the state of line CFF is rendered TRUE, the state 
of flipflop 60J8 is reversed, so that the state of line SMC 
is rendered TRUE at TIME-1. With reference to FIG. 
61, ten microseconds after the state of line CFF is ren- 
dered TRUE, line CYC experiences a TRUE-to-FALSE 
reversal of state and thereby advances the bit-counter 
(FIG. 62) fi-om a count of "d" to a count of "a." Con- 
sequently, at TIME-1 there is again initiated a sequence 
of four read-write cycles whereby the digit stored in the 
"K" digit-register — i.e., "0" — is stored in the first-order 
digital position of address-A. 

At TIME-4 following the second sequence of four 
read-write cycles, the bit-counter being at a count of 
"d," the state of ffipflop 6039 (FIG. 61) is reversed, so 
that the state of line CFF is thereby rendered FALSE. 
At the following TIME-1 after the state of line CFF is 
rendered TRUE, the state of flipflop 6038 (FIG. 60) is 
reversed, so that the state of output line SMC is thereby 
rendered FALSE. As shown in FIG. 61, at the follow- 
ing TlME-3 after the state of line (CFF)' is rendered 
TRUE, the state of line DDF is rendered TRUE for a 
period of ten microseconds and then is rendered FALSE 
at the following TIME-4. At TlME-4 when line DDF 
is rendered FALSE, the state of flipflop 6105 (FIG. 79) 
is reversed, so that the state of line SHA is thereby ren- 
dered TRUE. However, at this time the state of line 
SHB does not reverse, but, instead, remains TRUE. 

With reference to FIG. 61, at TIMB-3 when the state 
of line DDF is rendered TRUE, the state of line AD is 
rendered TRUE for a period of ten microseconds, after 
which period the state of line AD is rendered FALSE. 
When line AD experiences a TRUE-to-FALSE change of 
state at TIME-4, the digit-counter (FIG. 63) is incre- 
mented from a count of "0" to a count of "1," in a man- 
ner previously described. At TIME--* when the state of 
line (SHA)' is rendered FALSE, the states of lines KA 
and KKF (FIG. 69) are thereby rendered FALSE. How- 
ever, at TIME-4 when the state of line SHA is rendered 
TRUE, the state of Hne AK is thereby rendered TRUE, 
and, consequently, the state of line SOO (FIG. 60) re- 
mains TRUE. With reference to FIG. 70, at TIME-4 
when lines AD and KKF experience TRUE-to-FALSE 
changes of states, the state of line PK«^ is reversed from 
TRUE to FALSE and effects the presetting of the "K" 
digit-register to "0." 

Also at time-4, the state of flipflop 6039 (FIG. 61) 
is reversed, so that the state of line CFF is thereby 
rendered TRUE. When the state of line CFF is rendered 
TRUE, the state of output line CYC is also rendered 
TRUE and remains TRUE for a period of ten micro- 
seconds, at which time the state of line CYC is rendered 
FALSE. When the state of line CYC experiences a 
TRUE-to-FALSE reversal of state at TIME-1, the bit- 
counter (FIG. 62) is advanced from a count of "d" to a 
count of "a." Also at TIME-1, the state of flipflop 6038 
(FIG. 60) is reversed, so that the state of line SMC is 
thereby rendered TRUE. Consequently, at TIME-1, a 
third sequence of four read-write cycles is initiated, in 
the manner previously described, so that the four binary 
bits of the second-order digit of the word in address-A 
are read out and stored in the "K" digit-register (FIG. 
70) via lines ASA and KL. 

At the following TIME-4 after the bit-counter has 
reached a count of "d," the state of flipflop 6039 (FIG. 
61) is reversed, and the stale of line CFF is thereby 
rendered FALSE. Ten microseconds later, the state of 
flipflop 6038 (FIG. 60) is reversed, and the state of line 
SMC is rendered FALSE at the fallowing TIME-1 to 
prevent a read-write cycle from being initiated during 
the following control period. With reference to FIG. 61, 



at the following TIME-3, the state of line DDF is again 
rendered TRUE and remains TRUE for a period of ten 
microseconds, after which time the state of line DDF is 
rendered FALSE at the following TIME-4. 

6 With reference to FIG. 79, at TIME-4 when line DDF 
experiences a TRUE-to-FALSE reversal of state, the state 
of flipflop 6105 is reversed, so that the state of output 
line SHA is thereby rendered FALSE. Consequently, 
when line SHA experiences a TRUE-to-FALSE reversal 

Xo of state, the state of flipflop 6106 is reversed, so that the 
state of output line SHB is also rendered FALSE at 
TIME-4. Consequently, the state of line AK (FIG. 69) 
is rendered FALSE at TIME-4 when the states of lines 
SHA and SHB are rendered FALSE. However, at the 

15 same time, the states of lines JA and JJF (FIG. 71) are 
rendered TRUE. Consequently, the state of line SOO 
(FIG. 60) remains TRUE. Also at TIME-4, when the 
state of line DDF is rendered FALSE, the state of flipflop 
6039 (FIG. 61) is reversed, so that the state of output 

20 line CFF is thereby rendered TRUE. When the state of 
line CFF is rendered TRUE at TIME-4, the state of line 
CYC again is rendered TRUE and remains TRUE for 
a period of ten microseconds, after which period its state 
is rendered FALSE. Consequently, when line CYC ex- 

25 periences a TRUE-to-FALSE reversal of state at TIME- 
1, the bit-counter (FIG. 62) is advanced from a count 
of "d" to a count of "a." With reference to FIG. 60, the 
state of flipflop 6038 is reversed at TIME-1 and thereby 
renders the state of line SMC TRUE. 

30 Thus, at TIME-1 following the fourth forty-microsec- 
ond control period, a fourth sequence of four read-write 
cycles is initiated, so that the first-order digit that was 
originally stored in address-A, but now is stored in the 
"J" digit-register, is stored in the second-order digital 

35 position of address-A. Consequently, it is seen that the 
digit originally stored in the first-order digital position of 
address-A is now shifted to the second-order digital posi- 
tion therein, and a "0" is stored in the first-order digital 
position of address-A. 

*** After completion of the fourth sequence of read-write 
cycles, the count of the bit-counter is advanced to "d." 
Therefore, at the following TIME-4, the state of flipflop 
6039 (FIG. 61) is reversed, so that output line CFF is 
thereby rendered FALSE. At the following TIME-1 

45 after the state of line OFF is rendered FALSE, the state 
of flipflop 6038 (FIG. 60) is reversed, so that the state 
of output line SMC is thereby rendered FALSE to pre- 
vent further read-write cycles from being initiated during 
the following forty-microsecond control period. 

50 The state of line DDF (FIG. 61) is rendered TRUE 
from TIME-3 to TIME-4 during the followmg control 
period and effects advancement of the digit-counter (FIG. 
63), via line AD, from a count of "1" to a count of "2." 
Thereafter, the "J" digit-register (FIG. 71) is preset to 

65 "0," and the third-order digit of the word in address-A 
is stored therein. 

The just-desoribed sequence of events is sequentially 
repeated until each of the digits of the word stored in 
address-A has been shifted to the next higher-order digital 

60 position therein, hereinafter known as "shifting to the 
left." After each of the digits of the word in address-A 
has been shifted to the next higher-order digital position 
therein, the digit-counter is, at that time, at a count of 
"9," the bit-counter is at a count of "d," and the states 

65 of lines SHA and SHB are FALSE, thus indicating the 
end of the shift cycle. Therefore, at TIME-1 of the 
following forty-microsecond control period, the state of 
flipflop 6040 (FIG. 61) is reversed, so that output line 
PC is thereby rendered TRUE. Consequently, the state 

70 of line AN is rendered TRUE at the following TIME-4 
and remains TRUE for a period of ten microseconds, 
after which period line AN is rendered FALSE. When 
line AN experiences a TRUE-to-FALSE reversal of state, 
the state of flipflop 6101 (FIG. 78) is reversed, so that 

75 the state of line SA is thereby rendered FALSE, thus 
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completing the cycle of operation of the "SA" sub- 
command. 



instruction word is stored in the instruction register, the 
two decimal digits stored in section 1 thereof determine 
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If, however, the word in address-A is to be shifted to 
the right instead of to the left, a detailed description of 
the mode of operation of the subcommand capable of 
initiating the required sequence of events is obtained sim- 
ply by modifying the previous "shifting left" description 
by substituting B<^ for each occurrence of Ba, Be for 
each occurrence of Bb, Bb for each occurrence of Be, 
Ba for each occurrence of Bd, D9 for each occurrence of 
D^, D8 for each occurrence of Dl, Dl for each occur- 
rence of D8, and D^ for each occurrence of D9. 

If the word in address-B is to be shifted instead of the 
word in address-A — i.e., via a "SB" subcommand — the 
preceding descriptions are to be modified by substituting 
SB for SA, JB for JA, BJ for AJ, KB for KA, and BK 
for AK. 

69. Instructions Generally 

As previously described, there are eighteen basic in- 
structions to which the computer is responsive. Five of 
these basic instructions concern the ledger card sensing 
equipment and the accounting machine portion of the 
computer; one is concerned with the reading of punched 
paper tape; and twelve are concerned with arithmetic and 
control functions within the computer. 

The first step to be carried out in the execution of each 
instruction is the reading-out from memory of the next 
instruction word in the program and storage of the in- 
struction word in the instruction register. After the 



50 



R5 



GO 



65 



70 



7.5 



the particular type of instruction, or sequence of opera- 
tions, to be executed next. For example, if the two-digit 
decimal number in section 1 of the instruction register 
is "00," an "enter-keyboard-words" instruction is ex- 
iecuted, whereby all data thereafter transferred between 
data-handling sections of the computer is in accordance 
with a particular sequence pattern dictated by this particu- 
lar instruction. 

The execution of each instruction concludes by effect- 
ing the storage in the word-selecting register of the ad- 
dress in memory of the next regular instruction word, the 
address in memory of the next regular instruction word 
being specified by the contents of section 5 of the present 
instruction word. 

After the address of the next instruction word is prop- 
erly stored in the word-selecting register, the computer 
may immediately carry out the dictates of the next in- 
struction word read from memory, or may pause for 
a period of time before executing the next instruction. 
Whether or not the computer immediately proceeds to 
carry out the next instruction in the program depends 
upon the particular mode of operation pre-selected by the 
operator. If the computer is operating in an "automatic" 
mode, the next instruction in the program is immediately 
carried out upon completion of the preceding instruction. 
However, if the computer is operating in a "manual" 
mode, all computation stops upon compietition of the 
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execution of each instruction and is not resumed until 
either the manual or the automatic "mode-selection" push 
button is depressed. Upon depression of one of the 
mode-selection push buttons, the sequence of events is 
as follows: The next instruction word specified by the 5 
contents of the word-selection register is read out from 
memory and stored in the instruction register; the two 
decimal digits thus stored in section 1 of the instruction 
register are examined to determine the particular instruc- 
tion to be carried out; and, thereafter, the computer 10 
proceeds to carry out the dictates of that particular 
instruction. 

As previously mentioned, for the purpose of conven- 
ience in describing in detail the inherently complex mode 

of operation which the computer executes in carrying out 15 step 
a particular instruction, each of the eighteen different in- 
structions is considered a "subprogram" comprising a 

plurality of "subinstructions" which are sequentially given 1 

to the computer, the sequence of events initiated by the 
computer in carrying out each of the subinstructions being 20 
under the control of the control-counter. Again, as pre- 
viously mentioned, each of the just-mentioned subinstruc- 
tions is classified in one of six general categories, labeled 
"word-cycles," "subcommands," "variable-time-delays," 
"decisions," "incrementing and decrementing," and "mis- 
cellaneous," of which the more complex ones of the vari- 
ous subinstructions have previously been described in de- 
tail, and all of which are each related to a specific portion 
of the computer control circuitry even though such spe- 
cific portion does not always exist as a separate and dis- 
tinct entity as such. 

70. Detailed Description of EKW Instructions 

The first subprogram to be described in detail is con- 
cerned with the execution of an EKW instruction which 
effects the storage in memory of amounts entered into the 
accounting machine keyboard or taken from a preselected 
one or ones of the totalizers therein. An EKW instruc- 
tion may be considered as comprising four distinct phases 
or groups of subinstructions, during the first phase of 
which all computation and data-handling activity within 
the computer ceases until an amount is indexed into the 
keyboard of the accounting machine portion thereof, or 
until the machine carriage is tabulated to the next stop; 
however, if an "automatic-resume-program" has previous- 
ly been specified, all activity ceases only until the carriage 
reaches a stop. The second phase of the subprogram is 
concerned with initiating a cycle of operation of the ac- 
counting machine; consequently, the high-order digit in 
section 2 of the instruction register is examined to de- 
termine the required cycle of operation of the accounting 
machine to be initiated. Thereafter, the required ma- 
chine cycle is automatically initiated by proper actuation 
of the required motor bar when the resume-program-bar 
is subsequently depressed by the operator. Upon com- 
pletion of the machine cycle, the differentially-set posi- 
tions of the amount racks collectively represent the 
amount to be stored in memory, as previously described. 
The third phase of the subprogram is, therefore, con- 
cerned with examining the printed circuit switch on the 
rear of the machine to determine the amount just entered 
into the keyboard, and subsequent storage of the amount 
in address-A. If reverse key REV (FIGS. 2 and 44A) 
has previously been depressed, indicative of a negative 
amount being entered into the accounting machine key- 
board, the word initially stored in address-A is comple- 
mented before being subsequently stored in the selected 
address in memory. However, if reverse key REV is not 
depressed, the word initially stored in address-A is com- 
plemented before being subsequently stored in the selected 
address in memory. However, if reverse key REV is not 
depressed, the word initially stored in address-A is subse- 
quently transferred to the selected address in memory. 

During the last phase of the subprogram, the contents 
of sections 3 and 4 of the instruction register are com- 75 



pared for equality to determine whether there are addi- 
tional words to be entered into memory from the key- 
board or totalizers of the accounting machine. If there 
is an additional entry to be made, section 3 of the instruc- 
tion register is incremented, and the just-described se- 
quence of events is again repeated. If, however, there are 
no additional entries to be made, the sequence of events 
initiated by the EKW instruction is thus terminated. 

Listed below in somewhat tabular form, and also graphi- 
cally illustrated by the flow diagram of FIG. 107A, is a 
step-by-step description of the various previously de- 
scribed subinstructions to which the computer is sequen- 
tially responsive in executing an "EKW" instruction: 



Subinstruc- 
tions 



MI-0-2- 
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OII2-0-22 
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F9-22-25 
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CA(2)-n-26.... 
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REV-28-27.... 
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CPA-D-23 




28 


AM-3-29 


70 


29 


134-30-31. 
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IN4-D-2 - 




31 
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Description 



Copy the Instruction word from memory into 
the instruction register, the address in mem- 
ory of the next instruction word being 
indicated by the contents of the "word- 
selecting register. If the number thus stored 
in section 1 of the instruction register is "00," 
carry out the subinstruction listed in Step-2 
of the following EKW subprogram: 

Preset the F-counter to *'0"; thereafter go to 
Step-3. 

Go to Step-4 in the subprogram whenever de- 
pression of a motor bar will initiate a machine 
cycle. 

If the low-order digit In section 2 of the Instruc- 
tion register Is a "3," go to Step-ti; otherwise, 
go to Step-5. 

Upon depression of the resume-program-bar, 
go to Step-6. 

If the high-order digit in .section 2 of the Instruc- 
tion register is a"0," go to Step-7; otherwise, 
go to Step-8. 

Depress the tipper motor bar for a "touch" 
operation; thereafter, go to Step-18. 

If the high-order digit of section 2 of the 
instruction register Is a "1," go to Stcp-9; 
otherwise, go to Stcp-10. 

Depress the upper motor bar for a "hold" 
operation; thereafter, go to Step-18. 

If the high-order digit of section 2 of the Instruc- 
tion register is a "2," go to Stci>-ll; otherwise, 
go to Step-12. 

Depress the middle motor bar for a "touch" 
operation; thereafter, go to Step-18. 

If the high-order digit of section 2 of the instruc- 
tion register is a "3," go to Step-13; otherwise, 
go to Stei)-14. 

Depress the middle motor bar for a"hold" oper- 
ation; thereafter, go to Step-18. 

If the high-order digit of section 2 of the instruc- 
tion register is a"4," go to Stei>-15; otherwise, 
go to Step-16. 

Depress the lower motor bar tor a" touch" oper- 
ation; thereafter, go to Step-18. 

Go to Step-17 if the higli-order digit of section 2 
of the instruction register is a "5." 

Depress the lower motor bar tor a"hold" oper- 
ation; thereafter, go to Step-18. 

Go to Step-19 if the low-order digit of section 2 
of the Instruction register is a "1"; otherwise, 
go to Ste!>-20. 

When printing occurs, place a comma between 
rows #5 and id; if there is no significant digit 
in rows #6 through #10, print a"0" preceding 
the comma; thereafter, go to Step-22. 

If the low-order digit in section 2 of the Instruc- 
tion register Is a "2," go to Stop-21; otherwise, 
go to Step-22. 

When printing occurs, place a comma between 
#8 and fS; if tliere is no significant digit In 
rows 09 or #10, print a "0" preceding the 
comma; thereafter, go to Step-22. 

Wiien the amount racks are traveling to a 
"setting" direction, go to Step-23 each time 
the timing rack changes digital position and 
also upon engsgement of the printing-liner. 

Increment the F-comiter; tliereafter, go to 
Step-24. 

Go to Step-25 if the F-counter is at a count of 
"9": otherwise, go to Steii-22. 

Copy into address-A the word collectively in- 
dicated by the conditions of the rack readout 
switches; thereafter, go to Ste{)-26. 

Go to Step-27 if the "reverse" key Is depressed ; 
otherwise, go to Step-28. 

Complement the word stored in address-A; 
thereafter go to Step-28. 

Copy the word of address-A into the memory 
address specified by section 3 of the instruc- 
tion register; thereafter, go to Step-29. 

Go to Step-31 if the memory addresses specified 
hy sections 3 and 4 of the instruction register 
are equal; otherwise, go to Step-30. 

Increment section 3 of the instruction register; 
thereafter, go to 8tep-2. 

Copy the contents of section 6 of the instruction 
register Into the word-selecting register. 
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Before proceeding with a detailed description of the 
mode of operation initiated by each of the eighteen basic 
instructions — i.e., "enter-keyboard- words" (EKW— 00) 
through "enter-punched-tape" (EPT — 17) — it is to be 
noted that, in an effort to avoid in the following descrip- 
tion an undue multiplicity of back-and-forth references 
with respect to the various figures of the drawings, the 
particular portions of the computer circuitry utilized in 
carrying out a particular instruction have essentially been 
taken from FIGS. 52A through 85 and re-assembled into 
a composite circuit diagram relating to that particular in- 
struction. For example, certain significant particular por- 
tions of the computer circuitry utilized in executing an 
EKW instruction are combined and logically illustrated 
in FIGS. 89A and 89B as a composite circuit diagram. 

As previously described, the first subinstruction initi- 
ated and carried out in the execution of each instruction 
is a "MI" word-cycle, which effects the transfer to the 
instruction register of the word in memory previously 
stored at the address indicated by the contents of the 
word-selecting register. Also, as previously described, a 
"MI" word-cycle is initiated each time the state of line 
MI is rendered TRUE. As shown in FIG. 76, if the com- 
puter is operating in an "automatic" mode, as indicated 
by a TRUE state of line AUT, a "MI" word-cycle is auto- 
matically initiated by a reversal of state of flipflop 6092 
when the state of line AN is rendered FALSE, line AN 
being rendered FALSE when the previously-initiated cycle 
of operation is completed. However, if the computer is 
operating in a "manual" mode, a "MI" word-cycle is ini- 
tiated only by a depression of push-button MNl — MN2 
(FIGS. 1 and 84), which also causes a reversal of state 
of flipflop 6092 (FIG. 76). After the next instruction 
word is transferred to the instruction register via the "MI" 
word-cycle, if the two decimal digits stored in section 1 
thereof correspond to the code designation for an "enter- 
keyboard-words" instruction — i.e., "00" — the state of line 
EKW is rendered TRUE in a manner previously de- 
scribed with respect to FIG. 56, and, consequently, an 
"enter-keyboard-words" instruction is thereafter executed 
in the following manner. 

It is, however, assumed that when the "enter-keyboard- 
words" instruction is first initiated: the able arm portion 
(497) of the accounting machine is in the non-deflected 
position shown in FIG. 38, and, consequently, the con- 
tacts of switch 496 are closed, thus indicating that motor 
bars 23, 27, and 28 are not disabled by able arm 497; that 
the carriage of the accounting machine is not tabulating 
over a carriage stop, as indicated by a closure of the con- 
tacts of switch 510 (FIGS. 43 and 82); that the account- 
ing machine is in home position, ready for a cycle of 
operation thereof to be initiated, as indicated by a closure 
of the contacts of switch 528 (FIGS. 41 and 82); and that 
a paper-tape-punching operation is not to be initiated, as 
indicated by a closure of contacts SC41— 3 (FIG. 82) of 
switch SC41 (FIG. 13). The just-mentioned assump- 
tions having been satisfied, the state of line GO (FIG. 82) 
is rendered TRUE, thus indicating that a cycle of opera- 
tion of the accounting machine is now permitted to be 
initiated. 

With reference now to FIG. 61, the state of line AN 
is reversed from TRUE to FALSE at TIME^l, indicat- 
ing completion of the previously-initiated "MI" word- 
cycle, as previously described. With reference now to 
FIG. 72, when line AN is thus rendered FALSE, the 
state of lines MIN and PF^ are likewise reversed from 
TRUE to FALSE. As previously described with ref- 
erence to FIG. 72, when the state of line PF^ is reversed 
from TRUE to FALSE, the F-counter is thereby preset 
to a count of "0." With reference to FIG. 89A, as a 
result of line MIN thus being rendered FALSE, the state 
of flipflop 6(^9 is reversed, so that line KEY is rendered 
TRUE thereby. 

As all of the inputs to logical AND 1743 are simul- 
taneously TRUE when line KEY is thus rendered TRUE, 



the state of line EKL is thereby rendered TRUE and thus 
effects illumination of the enter-keyboard-words lamp 
EK (see also FIG. 2), indicating that the computer is 
ready for an amount to be indexed into the keyboard of 

5 the accounting machine portion thereof. Also, prior to 
line EKL being rendered TRUE, the state of one of 
lines L0, LI, or L2 is previously rendered TRUE, de- 
pending upon whether the low-order digit in section 2 
of the instruction register (FIG. 57) is a "0," a "1," or a 

10 "2," respectively. Therefore, if the low-order digit is a 
"0," decimal-point lamp P.^ (see also FIG. 2), located 
between amount rows #2 and #3 on the accounting ma- 
chine keyboard, is illuminated when line EKL is ren- 
dered TRUE; if the low-order digit is a "1," decimal-point 

15 lamp PI between amount rows #5 and #6 is illuminated; 
and, if the low-order digit is a "2," decimal-point lamp P2 
between amount rows #8 and #9 is illuminated. As 
will later be seen, a decimal-point and enter-keyboard- 
words lamps both remain illuminated until the resume- 

20 program-bar RPB (FIG. 2) is depressed. 

With reference to FIG. 38, when the resume-program- 
bar push button is depressed, the common plunger of 
switches RPl and RP2 is actuated thereby. As shown in 
FIG. 84, when the resume-program-bar is depressed, the 

25 normally-opened switch contacts RP2 are closed, and 
normally-closed switch contacts RPl are opened thereby. 
Consequently, at the following TIME-1 after the resume- 
program-bar is depressed, the state of flipflop 6138 is 
reversed, so that output line RP is thereby rendered 

30 TRUE. At TlME-1 following the release of the re- 
sume-program-bar, the state of flipflop 6138 is again 
reversed, so that line RP is rendered FALSE thereby. 
As shown in FIG. 78, as a result of line RP experiencing 
a TRUE-to-FALSE reversal of state, the state of flipflop 

35 6099 is reversed, and line RPB is rendered TRUE thereby. 
With reference back to FIG. 89A, at TIME-3 after 
line RPB is thus rendered TRUE, the reference input to 
flipflop 6118 reverses from TRUE to FALSE, and, con- 
sequently, the state of flipflop 6118 is reversed and line 

■"l WOA is thereby rendered TRUE. It is to be noted that, 
if the low-order digit in section 2 of the instruction 
register (FIG. 57) is a "3," as indicated by line L3 being 
TRUE, indicating an automatic-resume-program opera- 
tion, neither of the decimal-point lamps is illuminated, 

45 but, instead, the state of flipflop 6118 is reversed at 
TIME-3 even though the resume-program-bar was not 
manually depressed. However, after the state of line 
WOA is rendered TRUE, upper motor bar solenoid MB0 
is energized if the high-order digit in section 2 of the in- 

50 struction register is either a "0" or a "l"(see also FIG. 
38); middle motor bar solenoid MBl is energized if the 
high-order digit in section 2 is either a "2" or a "3"; and 
lower motor bar solenoid MB2 is energized if the high- 
order digit is either a "4" or a "5." It is to be appreciated, 

65 however, that the selected motor bar solenoid is energized 
when line WOA is rendered TRUE, regardless of whether 
the high-order digit in section 2 of the instruction register 
is any one of the digits "0" through "5." 

After the selected one of the upper, middle, or lower 

60 motor bars is automatically actuated, a cycle of opera- 
tion of the accounting machine is thus initiated thereby. 
With reference to FIG. 72, when a machine cycle is 
initiated, the movable arm of switch 540 is deflected to 
the left, as viewed, so that line (NT)' is rendered TRUE 

65 thereby, line NT, of course, being rendered FALSE. 
However, if for some reason a machine cycle is not 
initiated when a selected one of the motor bars is en- 
ergized, line NT remains TRUE. With reference now 
to FIG. 81, when the state of flipflop 6118 is reversed, 

70 so that line (WOA)' is rendered FALSE, the state of flip- 
flop 6120 is reversed, so that line (RF)' is rendered 
FALSE thereby. Approximately 250 milliseconds later, 
however, the state of flipflop 6120 reverts back to its 
initial condition, so that line (RF)' is rendered TRUE 

75 thereby. Therefore, if it is assumed that a machine cycle 
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was not initiated when line WOA was initially rendered 
TRUE, as evidenced by line NT remaining TRUE, the 
state of flipflop 6118 is reversed at the following TIME-1 
by line AN after line (RF)' is rendered TRUE, thereby 
de-energizing the previously-energized motor bar solenoid. 
However, at the following TIME-3 after the motor bar 
is physically restored to its normal undeflected position, 
so that line GO is again rendered TRUE, the state of 
flipflop 6118 is again reversed, so that line WOA is 
again rendered TRUE, thereby re-energizing the pre- 
selected motor bar solenoid. If a machine cycle is still 
not initiated when line WOA is rendered TRUE for 
the second time, the above sequence of events is continual- 
ly repeated until a machine cycle is finally initiated. 

As previously described with respect to FIGS. 7 and 
51^, photocell 160 is utilized in conjunction with auxiliary 
timing rack 151 and light source 164 to provide an elec- 
trical impulse each time the auxiliary rack, and hence 
the amount racks, are translated from one digital posi- 
tion to another while traveling in a "setting" direction to- 
ward the rear of the machine. With additional reference 
to FIG. 72, each time a slot on timing rack 151 passes 
between light source 164 and photocell 160, the state 
of the prime input to flipflop 6071 is reversed from 
TRUE to FALSE; consequently, the state of flipflop 6071 
is reversed, so that line PT is rendered TRUE and line 
(PT)' is simultaneously rendered FALSE. However, 
when the tooth portion of timing rack 151 passes be- 
tween light source 164 and photocell 160, the state of 
flipflop 6071 is again reversed, so that line PT is thereby 
rendered FALSE and line (PT)' is simultaneously 
rendered TRUE. As output lines PT and (PT)' of flip- 
flop 6071 are logically connected as input lines to the 
reference and prime inputs, respectively, of flipflop 6072, 
the state of flipflop 6072 is reversed, so that output line 
PCT is rendered TRUE at times corresponding to each 
digital position of the timing rack, and is rendered 
FALSE during each period of time the timing rack is 
being translated from one digital position to another. 

With reference back to FIG. 89B, each time line PCT 
experiences a TRUE-to-FALSE reversal of state, line 
AF likewise experiences a TRUE-to-FALSE reversal of 
state. As a result, the F-counter (FIG. 72) is incre- 
mented by a coxmt of "1" each time the timing rack is 
translated from one digital position to another. As shown 
in FIG. 89A, upper motor bar solenoid MB<6, if initially 
energized, is de-energized when the F-counter is advanced 
from a count of "0" to a count of "1" unless the high- 
order digit in section 2 of the instruction register is a 
"1"; middle motor bar solenoid MBl, if initially ener- 
gized, is de-energized when the F-counter is advanced 
from a count of "0" to a count of "1" unless the high- 
order digit in section 2 of the instruction register is a 
"3"; and lower motor bar solenoid MB2, if initially ener- 
gized, is de-energized when the F-counter is advanced 
from a count of "0" to a count of "1" unless the high- 
order digit in section 2 of the instruction register is a "5." 

It is evident, therefore, that either a touch operation or 
a hold operation of a particular motor bar is obtained 
simply by maintaining the corresponding motor bar sole- 
noid energized for a predetermined period of time. How- 
ever, when line WOA is subsequently rendered FALSE, 
any previously-energized motor bar solenoid is de-ener- 
gized thereby. When the F-counter reaches a count of 
"8," as indicated by line F8 being TRUE, order-hook 
solenoid OHl (see also FIG. 35) is energized if the low- 
order digit in section 2 of the instruction register is a 
"1," whereas order-hook solenoid 0H2 is energized if the 
low-order digit in section 2 is a "2." As previously de- 
scribed with respect to FIG. 35, when order-hook solenoid 
OHl is energized, all order-hooks from the third to and 
including the eighth one are unlatched from their respec- 
tive type sectors. However, when order-hook solenoid 
OH2 is energized, all order-books from the third to and 
including the eleventh one are unlatched from their re- 



spective type sectors. Also, as previously described, the 
eighth and the eleventh ones of type sectors 67 (FIG. 34) 
respectively print the sixth and ninth order degits of the 
amount indexed in the accounting machine keyboard, with 

g each digit being followed by a comma. 

When the timing rack leaves digital position #8, the 
state of F-counter lineFS (FIG. 89A) is rendered FALSE 
and thereby causes a reversal of state of flipflop 6089, 
which, in turn renders line KEY FALSE. Due to the 

IQ fact that timing rack 151 is provided with only eight slots, 
as shown in FIG. 8, additional means are utilized to in- 
crement the F-counter from a count of "8" to a count of 
"9" when the timing rack has essentially reached digital 
position #9. As previously described with respect to 

j5 FIGS. 3 A and 41, when aligner bar 72 is brought into 
engagement with the notches formed on the lowermost 
end of arm 58 to precisely align all of the type sectors 67 
in their differentially-set positions just prior to the print- 
ing operation, the contacts of switch 550 are closed as a 

20 result of clockwise rotational movement of follower arm 
519. Consequently, with reference back to FIG. 72, when 
the timing rack is translated to its #9 digital position, so 
that the printing-aligner bar is brought into engagement 
with the type sectors, a closure of the contacts of switch 

25 550 causes a subsequent reversal of state of flipflop 6071, 
which, in turn, causes the F-counter to be incremented 
from a count of "8" to a count of "9" in essentially the 
same manner as just described. 

With reference back to FIG. 89A, when the F-counter 

3Q is advanced from a count of "8," as indicated by line F8 
being rendered FALSE, any previously-energized order- 
hook solenoid is de-energized thereby. At TIME-1 after 
the F-counter has been incremented to a count of "9," the 
state of flipflop 6118 is again reversed, so that line WOA 

35 is rendered FALSE thereby. When line WOA is thus 
rendered FALSE, any previously-energized motor bar 
solenoid is de-energized thereby. With reference now to 
FIG. 89B, also when line WOA is thus rendered FALSE, 
the state of flipflop 6080 is reversed, so that line CA is 

40 rendered TRUE thereby. As a result of line CA thus 
being rendered TRUE, a "CA" word-cycle is initiated and 
thereafter executed, whereby the word collectively indi- 
cated by the conditions of the rack-readout switches is 
read out and stored in address-A in the following manner, 

45 the word indicated by the rack-readout switches being 
identical to the mount just entered into the accounting ma- 
chine keyboard, as previously described with respect to 
FIGS. 3B, 5A, and 5B. 

As diagrammatically illustrated in FIG. 67B, digit- 

50 counter output lines D0 through D9 are individually con- 
nected to a different one of conductors 119 disposed on 
printed circuit board 116. Thus, suppose that the first- 
order amount rack is differentially set in digital position 
#5 corresponding to depression of amount key #5 in the 

55 low-order amount row of the machine keyboard; i.e., the 
first-order digit of the amount indexed in the keyboard is 
a "5." Consequently, when a machine cycle is subse- 
quently initiated, so that the first-order amount rack is 
stopped in the #5 digital position, ILne D<j> is electrically 

g(j connected to line 120e by way of printed circuit con- 
ductors 118 and 119 due to the action of wiper blades 
113-114, as previously described with respect to FIGS. 
3A, 5A, and 5B. Thus it is evident that, when the digit- 
counter (FIG. 63) is at a count of "0," so that line B<p 

gg is TRUE, and the bit-counter (FIG. 62) is simultaneously 
at a count of "a," so that line Ba is true, the state of out- 
put line RSS is TRUE, indicating that the low-order bit 
of the first-order digit is a binary "I." When the bit- 
counter advances to a count of "fe," line RSS is rendered 

70 FALSE, thus indicating that bit "b" is a binary "0"; when 
the bit-counter advances to a count of "c," line RSS is 
rendered TRUE, thus indicating that bit "c" is a binary 
"1"; and, when the bit-counter advances to a count of 
"d," line RSS is rendered FALSE, thus indicating that bit 

75 "d'' of the first-order digit is a binary "0." Therefore, 
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as bits "a" and "c" of the digit each have a value of binary 
"1," and as bits "b" and "rf" each have a value of binary 
"Q," the differentially-set position of the first-order amount 
rack corresponds to binary 0101 — i.e., decimal "5" — 
which, in turn, corresponds to the assumed value of the 
first-order digit of the amount indexed in the accounting 
machine keyboard. 

Therefore, it is evident that the bit and digit counters 
effectively operate together as a serializer which, in a 
sense, "scans" the differentially-set positions of the ten 
amount racks, starting with the first-order amount rack 
and ending with the tenth-order amount rack, and essen- 
tially generates a train of impulses via line RSS, which 
impulse train corresponds to the value of the amount en- 
tered into the accounting machine keyboard, the first 
impulse, or lack of an impulse, corresponding to the 
binary value of bit "a" of the first-order digit, and the 
last impulse, or lack of an impulse, corresponding to the 
binary value of bit "rf" of the tenth -order digit of the 
amount. 

With reference back to FIG. 89B, lines RSS, CA, and 
EKW are each connected as an input to logical AND 
1137. Consequently, as a result of line CA being ren- 
dered TRUE, a "CA(2)" word -cycle is executed, whereby 
the amount indexed in the accounting machine keyboard 
is sequentially stored in address-A via line MXW in es- 
sentially the same manner as previously described with 
respect to FIGS. 60, 52 A, and 52B. After the word 
is stored in address-A, line AN is rendered FALSE, and, 
consequently, the state of flipflop 6080 is reversed, so 
that line CA is rendered FALSE, thus terminating the 
"CA" word-cycle operation. 

As previously described with respect to FIGS. 2 and 
44A, when reverse key "REV" is manually depressed, 
indicating that the amount just indexed in the keyboard 
of the accounting machine is a negative number, the mov- 
able arm of switch 572 is actuated thereby. With ref- 
erence to FIG. 74, when the reverse key is depressed, the 
movable arm of switch 572 is deflected upwardly from 
the position shown, so that the state of line REV is 
rendered TRUE thereby. Therefore, as depression of the 
reverse key signifies that the algebraic sign of the word 
just stored in address-A is negative, and, as a negative 
word is stored in memory as its complement, the word 
just stored in address-A must be complemented before 
being stored in the selected address in memory. Thus, 
with reference to FIG. 89B, when line CA is thus rendered 
FALSE at the end of the previously-initiated "CA(2)" 
word-cycle, the state of flipflop 6ft83 is reversed, so that 
line CPA is rendered TRUE thereby. When line CPA 
is thus rendered TRUE, a "CPA" subcommand is there- 
after executed, whereby the word in address-A is com- 
plemental and its complement is stored back in address-A 
in exactly the same manner as previously described. 

When the previously-initiated "CPA" subcommand is 
terminated, so that line CPA is rendered FALSE, the 
state of flipflop 6077 is reversed, so that line AM is there- 
by rendered TRUE. When line AM is rendered TRUE, 
line TS3 is likewise rendered TRUE. Therefore, in re- 
sponse to lines AM and TS3 simultaneously being ren- 
dered TRUE, an "AM" word-cycle is thereafter executed, 
whereby the word stored in address-A is stored in the 
selected address in memory as specified by the contents 
of section 3 of the instruction register. It is to be noted 
that, had the reverse key not been depressed, the word in 
address-A is immediately stored in memory without being 
complemented when line CA is rendered FALSE. This 
is due to the fact that the state of flipflop 6077 is reversed 
when line CA is rendered FALSE, because line (REV)' 
is TRUE, in this instance, indicative of non-depression 
of the reverse key. 

After the word in address-A is stored in the selected 
address in memory specified by section 3 of the instruc- 
tion register, the state of flipflop 6077 is reversed when 
line AN is rendered FALSE, indicating ihnt the previous- 



ly-initiated "AM" word-cycle is completed; consequently, 
the states of lines AM and TS3 are both rendered FALSE. 
As previously described with respect to FIG. 59, if the 
contents of sections 3 and 4 of the instruction register 

5 are of equal magnitude, indicating that there are no other 
words to be indexed into the accounting machine key- 
board, line 134 is rendered FALSE, and line (134)' is 
simultaneously rendered TRUE. However, if sections 3 
and 4 are of unequal magnitude, indicating that there 

10 are additional words to be indexed into the keyboard, 
line 134 is rendered TRUE, and line (134)' is simul- 
taneously rendered FALSE. 

Thus, with reference back to FIG. 89B, if there are 
no other words to be indexed into the keyboard, the state 

15 of flipflop 6107 is reversed when line AM is rendered 
FALSE and line STD is rendered TRUE thereby. When 
line STD is thus rendered TRUE, line TS5 is likewise 
rendered TRUE. In response to lines STD and TS5 be- 
ing rendered TRUE, a "STD" subinstruction is executed, 

20 whereby the contents of section 5 of the instruction reg- 
ister is stored in the word-selecting register. 

However, if there are additional words to be indexed 
into the accounting machine keyboard, line IN4 is ren- 
dered FALSE when line AN is rendered FALSE, and, 

25 as a result, section 3 of the instruction register (FIG. 58) 
is incremented by a count of "1" in the same manner as 
previously described. If, before being incremented, the 
contents of section 3 of the instruction register is not 
equal to the contents of section 4 thereof, the state of 

30 flipflop 6089 (FIG. 89A) is reversed when line AM is 
rendered FALSE at the end of the previously-initiated 
"AM" word-cylcle. As a result, line KEY is again ren- 
dered TRUE, and the F-counter (FIG. 72) is again 
preset to "0" via line PF^. Prior to a subsequcntly-initi- 

35 ated machine cycle when line GO is rendered TRUE, 
enter -keyboard-words lamp EK is illuminated, thus pro- 
viding a visual indication that another amount is to be 
indexed in the keyboard; thereafter, the just-described 
sequence of events is again repeated. 

40 It is to be noted that, even though line STD is rendered 
TRUE upon termination of the EKW subprogram, sec- 
tion 3 of the instruction register is incremented via line 
IN4 when line AM is rendered FALSE, regardless of 
the result of the comparison between the contents of 

45 sections 3 and 4 of the instruction register. It is also to 
be noted that, if it is desired that a plurality of words 
be stored in sequentially-numbered addresses in memory 
during the execution of a single EKW subprogram, the 
same motor bar, decimal-point lamp, and order-hook sole- 

SO noid are utilized for each word entered. However, if a 
different motor bar, decimal-point lamp, or order-hook 
solenoid is desired to be utilized, a second EKW subpro- 
gram is initiated by a second EKW instruction word 
which specifies the desired combination thereof. 
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71. Detailed Description of POW Instructions 



The next subprogram to be described in detail is con- 
cerned with the execution of a single POW instruction 

go which effects the sequential printing-out of from one to 
one hundred words which were previously stored in 
sequentially numbered addresses in memory. Like the 
just-described EKW instruction, a POW instruction may 
also be considered as comprising four distinct phases or 

(55 groups of subinstructions. 

During the first phase, the computer, in a sense, ascer- 
tains whether or not depression of a motor bar is capa- 
ble of initiating a cycle of operation of the accounting 
machine. As previously described, prior to the machine 

70 cycle, each of the ten amount racks is physically located 
at "home" position, which position corresponds to a digi- 
tal value of "0." Thus, the selected word in memory is 
read out and examined digit by digit, starting with the 
low-order digit thereof, to determine those digits of the 

75 word having a value of "0." Simultaneously therewith, 
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the rack-stopping solenoids corresponding to the digital 
Ijositions of those digits of the word having a value of 
"0" are energized to prevent any movement of the asso- 
ciated amount racks when a machine cycle is subsequently 
initiated. Thereafter, the state of a particular sign mem- 
ory flipflop is selectively conditioned to correspond to the 
algebraic sign of the word to be printed out. If the 
algebraic sign of the word to be printed out is negative, 
credit balance key CR. BAL. (FIG. 2) is effectively 
depressed via selective energization of credit balance sole- 
noid CBS, as previously described with respect to FIG. 
37 and also as shown in FIG. 81. 

When a machine cycle is subsequently initiated in 
order to carry out the first half of a credit balance oper- 
ation, the word read out from memory is subtracted from 
the contents of the "X" totalizer, which normally stores 
a word of all zeros. When the second machine cycle is 
subsequently initiated in order to carry out the final half 
of a credit balance operation, a total operation is taken 
with respect to the "X" totalizer, so that the complement 
of the word just read out from memory is printed in 
red, with a "CR" symbol to the right thereof. 

Due to the fact that the differentially-set positions of 
the ten amount racks are determined solely by the com- 
puter during the execution of a POW instruction, rather 
than by a totalizer or by depressed keys on the account- 
ing machine keyboard, it is therefore necessary to auto- 
matically release the amount racks and all previously 
depressed amount keys when a total operation is called 
for during the execution of a POW instruction. Thus, in 
order to permit the automatic release of the amount racks 
and the keys prior to the initiation of a total-taking oper- 
ation, rack release solenoid RRS (FIGS. 39 and 81) is 
selectively energized. 

During the second phase of the subprogram, the par- 
ticular motor bar operation specified by the value of the 
low-order digit in section 2 of the instruction is executed 
in order to initiate the required machine cycle. 

The third phase of the POW instruction begins when 
the machine starts to cycle, so that the timing rack and 
all non-stopped amount racks simultaneously begin their 
travel in a "setting" direction toward the rear of the ma- 
chine, those amount racks corresponding to the digital 
positions of the digits of the word having a value of "0" 
remaining in home position. Each time the timing rack 
is translated from a position indicative of one digital 
value to a position indicative of the next higher succes- 
sively higher-order digital value after leaving home posi- 
tion, each of the digits of the word is essentially "ex- 
amined" to determine whether its digital value corre- 
sponds to the digital value represented by the instanta- 
neous position of the amount racks. If such correspond- 
ence exists, all corresponding digital-order rack-stopping 
solenoids are simultaneously energized and thereby arrest 
further movement of all corersponding amount racks. 
After all of the amount racks have been differentially 
positioned to correspond to the word just read out from 
memory, a normal printing operation takes place. 

During the final phase of a POW instruction, the con- 
tents of sections 3 and 4 of the instruction register are 
compared for equality to determine whether or not there 
are additional words to be printed out from memory. 
If there are additional words to be printed out, section 3 
of the instruction register is incremented, and the entire 
sequence of events, just described, is again repeated. 
Otherwise, the instruction is concluded by effecting the 
copying into the word-selecting register the address of 
the next instruction word, which is located in section 5 
of the instruction register. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the flow diagram of HG. 107B, is a 
step-by-step description of the various previously de- 



scribed subinstructions to which the computer is sequen- 
tially responsive in executing a "POW" instruction: 



step 



10 



Subinstruc- 
tions 



M 1-0-2. 



2 


TV,f-0-3 


3 


GO- 0-4.. T.... 


15 

4 


AD-0-5 .- 


6 


MJ-3-6 


20 6 


IFJ-27-7 


7. 


D*-9-8 


8 


EA<^0-27 


25 9 


Dl-11-10 


10 


RAl-0-27 


11 


D2-13-12. 


12 


RA2-0-27 


30 13 


D3-15-14 


14 


RA3-0-27 


IS 


D4-17~16 


16 

35 

17 


EA4-0-27 

D6-19-1S 


18 


RAB-0-27 


19 


D6-21-20 


40 20.-. 


RA6-0-27 


21 


D7-23-22 


22 


EA7-0-27 


23 


D8-25-24 


45 24 


EA8-0-27 


2S 


D9-(^26. 


26 


RA9-0-27 


27 


D9^-28 


50 28 


OBM(4)-0-29. 


29 


OBM(2)-.30-31. 


30 


CBS-0-31 


55 31 


RRS-0-32 


32 


H*-34-33 


33 


MB.#.(l)-0-44„ 


CO "^ 


Hl~3&-36 


35 


MB*(2)-0-44.. 


36 


H2-33-37 


05 37 


MBl(l)-0-44- 


38 


H3-40-39 


39 


MBl(2)-0-44.. 


70 ''-- 


114-42-41 


41 


MB2(l)-0-44.. 


43 


H6-0^3 


43 

75 


MB2(2)-0-44.. 



Description 



Copy Into the Instruction regtster the next 
Instruction word stored In memory at the 
address specified by the contents of the word- 
sclectlng reglstsr thereafter. If the number 
thus stored In section 1 of the Instruction 
register is "01," carry out the sublnstraction 
listed in Step-2 of the following POW sub- 
program. 

Preset the F-counter to "0"; thereafter, go to 
Step-3. 

Go to Step-4 in the subprogram whenever de- 
pression of a motor bar will initiate a machhie 
cycle. 

Increment the digit-counter; thereafter, go to 
Step-5. 

Copy Into the "J" dfeit-reglster the digit cor- 
responding to the count in the digit counter 
of the word stored In memory at the address 
Indicated by section 3 of the Instruction 
register; thereafter, go to Step-6. 

IJ the digit In the F-counter is equHl to the digit 
in the "}" digit-register, go to Step-7; other- 
wise, go to Step- 27. 

Go to Step-8 11 the disit-counter Is at a count of 
"0"; otherwise, go to Step^. 

Eneigize the first-order rack-stopping solenoid ; 
thereafter, go to Step-27. 

Go to Step-10 if the digit-counter is at a count 
of "1" otherwise, go to Step-U. 

Energize the second-order rack-stopping sole- 
noid; thereafter, go to Step-27. 

Go to Step- 12 if the digit-counter is at a cocmt 
of "2"; otherwise, go to Step-13. 

Energize the third-order rack-stopping sole- 
noid ; thereafter, go to Step-27. 

If the digit-counter Is at a count of "3," go to 
Step-14; otherwise, go to Step-16. 

Energize the fourth-order rack-stopping sole- 
noid; thereafter, go to Step-27. 

It the digit-counter Is at a ooimt of "4," go to 
Step-16; otherwise, go to Step-17. 

Energize the fifth-order rack-stopping solenoid; 
therdfter, go to Step-27. 

If tile digit-counter is at a count of "6," go to 
Step-18; otherwise, go to Step-19. 

Energize the sixth-order rack-stopping solenoid; 
thereafter, to go Step-27. 

If the digit-counter is at a count of "6." go to 
Step-20; otherwise, go to Step-21. 

Energize the seventh-order rack-stopping 
solenoid; thereafter, go to Step-27. 

If the digit-counter Is at a count of "7," go to 
Step-22; otherwise, go to Step-23. 

Energize the eighth-order rack-stopping sole- 
noid; thereafter, go to Step-27. 

U the digit-counter Is at a count of "8," go to 
Step-24; otherwise, go to 8tep-25. 

Energize the ninth-order rack-stopping sole- 
noid ; thereafter, go to Step-27. 

If the digit-counter is at a count of "9," go to 
Step-26; otherwise go to Step-27. 

Energize the tenth-order rack-stopping sole- 
noid; thereafter, go to Step-27. 

If the digit-counter Is at a count of "9," to go 
Step-28; otherwise, go to Step-4. 

Condition the state of lino OEM to correspond 
to the sign of the word just read out from 
memory; thereafter, go to Step-29. 

If the state of Ihie OBM Is TRUE, go to Step- 
31; otherwise, go to Step- 30. 

Energize the credit balance solenoid; there- 
after, go to Step-3] . 

Energize the rack-release solenoid; thereafter, 
go to Step-32. 

If the high-Older digit in section 2 of the Instnic- 
tion register is "0," go to Step-33; otherwise, 
go to Step-34. 

Depress the upper motor bar for a touch opera- 
tion; thereafter, go to Step-44. 

If the high-order digit In section 2 of the Instruc- 
tion register is a "I," go to Step-35; otherwise, 
go to Step-36. 

Depress the upper motor bar for a hold opera- 
tion; thereafter, go to Step-44. 

If the high-order digit In section 2 of the Instruc- 
tion register is a "2," go to Step-37; otherwise, 
go to Step-38. 

Depress the middle motor bar lor a touch opera- 
tion; thereafter, go to Step- 44. 

II the high order digit in section 2 of the instruc- 
tion register Is a "3," go to Step-39; otherwise, 
go to Step-40, 

Depress the middle motor bar for a hold opera- 
tion; thereafter, go to Step-44. 

If the high-order digit in section 2 of the Instruc- 
tion register is a "4," go to Step-41; otherwise 
go to Step-42. 

Depress the lower motor bar for a touch opera- 
tion; thereafter, go to Step-44. 

If the high-ord er digit In section 2 of the instruc 
tion register is a "6," go to Step-43. 

Depress the lower motor bar for a hold opera- 
tion; thereafter, go to Step-44. 
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step 


Sublnstruo 
tions 


a 


Ll-48-45 


45 


OH1-0-4S 


46 


L2-48-47 


47 


OHa-0-48 


48 


PCT-0-49 


49 


AF-0-50 


SO 


F9-61-75 


61 


AD(l)-0-52... 


62 


MJ-3~53_ 


63 


IFJ-74-54 


64 


D«-55-55 


65 


EA.#-0-74 


66 


D1-5S-57 


57 


RAl-0-74 


68 


D2-Q0-69. 


69 


RA2-0-74 


00 


D3-6aH31 


61 


EA3-0-74 


62 


D4-64:-63 


63 


EA4-0-74 


64 


D5-66-65 


65 


EA5-0-74 


66 


D 6-68-67. 


67 


RA6-0-74 


68 


D 7-70-69- 


69 


RA7-0-74 


70 


D8-72-71 


71 


RA8-0-74 


72 


DM-73 


73 


RA9-0-74 


74 


D9-51-48. 


75 


CA(2)-0-76.... 


76 


ESB-3-77 


77 


OBN(l)-80-78. 


78 


RPB-0-79 


79 


OBN(3)-0-2-.. 


80 


134-81-83 


81 


IN4-0-82 


82 


OBMC3)-0-2.. 


83 


STD-5-* 



Description 



If the low-order digit in section 2 of the instruc- 
tion register isa "1," go to Step-45; otherwise, 
go to 8tep-46. 

When printing occurs, place a comma, between 
rows #5 and #6; if there is no significant diiJit 
In rows #3 through #10, print a zero preccdhig 
the comma; thereafter, go to Step-48. 

If the low-order digit in section 3 of tlie instruc- 
tion register is a "2," go to Stcp-47; otherwise, 
go to Step-48. 

When printing occurs, place a comma between 
rows #8 and #9; if there is no significant digit 
in rows #9, or #10, print a zero preceding tlie 
comma; thereafter, go to Step-4S. 

When the amount racks are traveling in a 
"setting" direction, go to Step-49 each timo 
the timing rack cluuiges digital position, and 
also upon engagement of the printing-liner. 

Increment the F-countcr; thereafter, go to 
Step-5G. 

If the F-counter is at a count of "9," go to 
Step-76; otherwise, go to Step-61. 

Increment the digit-counter; thereafter, go to 
Step- 52. 

Copy into the ".I" digit-register the digit cor- 
responding to the count in the digit counter of 
the word stored in memory at the address 
specified by section 3 of the instruction regis- 
ter; thereafter, go to Step-68. 

If the digit in the F-countcr is equal to the 
digit in the "3" digit-register, go to Step-64; 
otherwise, go to to Step-74. 

If tlie digit-counter is at a count of "0," go to 
Step-66; otherwise, go to Step-66. 

Energize the first-order raclc-stopping solenoid; 
thereafter, go to Step-74. 

If the digit-counter Is at a count of "1," go to 
Step-67; oth'irwise, go to Step-68. 

Energize ttie second-order rack-stopping sole- 
noid; thereafter, go to Step-74. 

If the digit-counter is at a count of "2," go to 
Step-59; otherwise, go to Stei>-60. 

Energize the third-order rack-stopping sole- 
noid; thereafter, go to Step-74. 

If the digit-counter is at a cotmt of "3," go to 
Step-61; otherwise, go to Step-62. 

Energiie the fourth-order rack-stopping sole- 
noid; thereafter, go to Stcp-74. 

If the digit-coimtor is at a count of "4," go to 
Stcp-63; otherwise, go to Step-64. 

Energize the fifth-order rack-stopping solenoid; 
thereafter, go to Step-74. 

If the digit-counter is at a count of "5," go to 
Step-66; otherwise, go to Step-flO. 

Energize the sixth-order rack-stopping sole- 
noid; thereafter, go to Stcp-74. 

If the digit-coimter is at a count of "6," go to 
Ste[)-67; otherwise, go to Step-68. 

Energize the seventh-order rack stopping sole- 
noid; thereafter, go to Step-74. 

If the digit-counter is at a count of "7," go to 
Stcp-69; otiierwise, go to Step-70. 

Energize the eighth-order rack-stopping sole- 
noid; thereafter, go to Step-74. 

If the digit-counter is at a count of "8," go to 
Step-71; otherwise, go to Step-72. 

Energize the ninth-order rack-stopping sole- 
noid; thereafter, go to Step-74. 

If the digit-coimter is at a cotmt of "9," go to 
8tep-73; otherwise, go to Step-74. 

Energize the tenth-order rack-stopping sole- 
noid; thereafter, go to Step-74. 

If the digit-counter is at a count of "9," go to 
Step-48; otherwise, go to Step-61. 

Copy into address-A the word collectively 
indicated by the condition of the rack read- 
out switches; thereafter, go to Step-76. 

Subtract the word located in memory at the 
address specified by section 3 of the instruc- 
tion register from the word in addrcss-A and 
store the remainder in addrcss-A; thereafter, 
go to Step-77. 

If the state of line OBN is TRUE, go to Step- 
78; otherwise, go to Step-80. 

Upon depression of the resume-program bar, 
go to Stcp-79. 

Preset line OBN to a FALSE state; thereafter, 
go to Stcp-2. 

If the addresses in memory specified by sections 
3 and 4 of the instruction register are equal, 
go to Step-83; otherwise, go to Stcp-81. 

Increment section 3 of the instruction register; 

thereafter, go to Step-82. 

Preset line OBM to a FALSE state; thereafter, 
go to Stop-2. 

Copy the contents of section 5 of the instruction 
register into the word-selecting register. 
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Upon completion of the execution of the previously ini- 
tiated "Ml" word-cycle, during which time the next in- 
struction word is read out from memory and stored in the 
instruction register, if the two-decimal-digit number 
stored in section 1 thereof corresponds to the code des- 
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ignation for a POW instruction — i.e., "01" — the state of 
line POW is rendered TRUE in a manner previously 
described with respect to FIG. 56, and, consequently, a 
"print-out-words" instruction is thereafter executed in the 
following manner; 

With reference to FIGS. 90A through 90C, there is 
logically illustrated therein a composite circuit diagram 
of particular portions of the computer circuitry utilized 
in executing a POW instruction. As shown in FIG. 
90A, at TIME-1 after the initiation of a "MI" word- 
cycle, the states of flipflops 6095 and 6096 are simulta- 
neously reversed, if not already in reversal states, so that 
lines (OBM)' and (OBN)' are respectively rendered 
TRUE thereby. As shown in FIG. 90B, the state of line 
PF0 is rendered FALSE upon completion of the previ- 
ously-initiated "MI" word-cycle when the state of line 
AN is rendered FALSE; consequently, the F-counter 
(FIG. 72) is preset to "0." 

It is assumed that, upon initiation of the POW instruc- 
tion, able arm 497 (FIG. 38) of the accounting machine 
is in the non-deflected position, as shown, and, conse- 
quently, the contacts of switch 496 (FIGS. 38 and 82) 
are closed, thus indicating that the motor bars are not 
disabled; that the carriage of the accounting machine is 
not tabulating over a carriage stop as indicated by a 
closure of the contacts of switch 510 (FIGS. 43 and 82); 
that the machine is in home position, so that the contacts 
of switch 528 (FIGS. 41 and 82) are closed; and that 
a papcr-tape-punching operation is not to be initiated as 
indicated by a closure of contacts SC41 — 3 (FIG. 82) 
of switch SC41 (FIG. 13). The just-mentioned condi- 
tions having been satisfied, the state of line GO (FIG. 
82) is rendered TRUE, indicating that a cycle of opera- 
tion of the accounting machine is permited to be initi- 
ated. 

Thus, with reference back to FIG. 90A, all of the in- 
puts to logical AND 1408 are simultaneously TRUE 
just prior to the completion of the previously-initiated 
"MI" word-cycle. Consequently, when line AN is ren- 
dered FALSE upon completion of the previously-initiated 
"MI" word-cycle, the state of flipflop 6066 is reversed, so 
that line MJ is thereby rendered TRUE. With reference 
to FIG. 90B, line TS3 is rendered TRUE at the begin- 
ning of the instruction when line POW is rendered 
TRUE. Consequently, in response to lines MJ and TS3 
being rendered TRUE, a "MJ" word-cycle is thereafter 
executed, whereby the word stored in memory at the 
address specified by the contents of section 3 of the in- 
struction register is read out digit by digit, starting with 
the low-order digit thereof, and stored digit by digit in 
the "J" digit-register (FIG. 71). At TIME-3 after the 
initiation of a "MJ" word-cycle, the state of flipflop 6118 
(FIG. 90A) is reversed, so that line WOA is thereby ren- 
dered TRUE. 

After each of the digits of the word is read out from 
memory via a "MJ" word-cycle and sequentially stored 
in the "J" digit-register, the contents of the F-counter 
and the "J" digit-register are compared for equality in 
a manner previously described with respect to FIG. 72. 
However, due to the fact that the F-counter is initially 
preset to "0," each digit stored in the "J" digit-register is 
essentially examined in order to determine whether its 
value is "0." If the digit stored in the "J" digit-register 
has a value of "0" when the "compare for equality" is 
made with respect to the contents of the F-counter and 
the "J" digit-register, the state of line (IFJ)' is rendered 
TRUE; otherwise, the state of line (IFJ)' remains 
FALSE. 

With reference now to FIG. 90C, after the state of 
line WOA is rendered TRUE at the beginning of the 
"MJ" word-cycle, line EVG experiences a TRUE-to- 
FALSE reversal of state each time the "J" digit-register 
is preset to "0" via a TRUE-to-FALSE reversal of state 
of line PJ0 if the diijit pi'C!.enlIy stored in the "J" digit- 
register has a value of "0," as indicated by a TRUE state 
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of line (IFJ)'. Consequently, when the digit-counter 
is at a count of "1," as indicated by a TRUE state of line 
Ol, the state of flipflop 6108 is reversed, so that line 
(RA0)' is rendered FALSE if the value of the first-order 
digit of the word just read from memory is zero. When 
the digit-counter is subsequently incremented to a count 
of "2," line (RAl)' is rendered FALSE by a reversal 
of state of flipflop 6109 if the value of the second-order 
digit of the word is also zero, and so on, until line 
(RA8)' is rendered FALSE by a reversal of state of flip- 
flop 6116 if the value of the ninth-order digit of the 
word just read out from memory is zero. If the value 
of the tenth-order digit is zero, as indicated by a TRUE 
state of hne (IFJ)', the state of flipflop 6117 is reversed, 
and line (RA9)' is rendered FALSE when line AN is 
rendered FALSE, indicating completion of the "MJ" 
word-cycle. 

It is seen, therefore, that the states of selected ones 
of lines (RA^)' through (RA9)', corresponding to the 
digital positions of those digits of the word having a 
value of zero, are successively rendered FALSE by cor- 
responding reversal of states of flipflops 61C8 through 
6117, respectively. Thus, after the digit-counter reaches 
a count of "9," as indicated by a FALSE state of line 
(D9)', the outputs from corresponding ones of logical 
ORS 3497 through 3506 are rendered FALSE when line 
PCT is subsequently rendered FALSE. Consequently, 
those ones of rack-stopping solenoids RA<(!iL through 
RA9L corresponding to those digital positions of the 
digits of tlie v.'ord having a value of zero are simulta- 
neously energized and thereafter prevent, in a manner 
previously described, any movement of the associated 
amount racks when a machine cycle is subsequently 
initiated. In other words, after the first "MJ" word-cycle 
is terminated, all amount racks corresponding to the 
digital positions of those digits of the word having a 
value of zero are locked in home position prior to the 
initiation of a machine cycle. 

As previously stated with respect to FIG. 3A, in initiat- 
ing an addition or a subtraction cycle of operation of 
the accounting machine, depression of the amount keys 
causes zero stop pawls 46 to be rocked counter-clockwise 
and thereby release amount racks 49 for rearward move- 
ment when a machine cycle is subsequently initiated. 
In a total-taking operation, however, no amount keys 
are depressed. Thus, additional means are utilized in a 
m.anner previously described with respect to FIGS. 39 
and 40, whereby the zero stop pawls are rocked counter- 
clockwise, and, additionally, all accidentally-depressed 
amount keys are released at the beginning of the machine 
cycle. Consequently, with reference to FIG. 90B, rack- 
release solenoid RRS is energized when the state of line 
WO A is rendered TRUE, and thereby allows the just- 
rncntioned additional means to function in the manner 
previously described. 

With reference to FIG. 90A, if the high-order digit of 
the v/ord just read out from memory and stored in the "J" 
digit-register is a "9," indicating the complement of a neg- 
ative number, the state of line {19}' is rendered FALSE. 
Thus, at TIME-3 during the last bit time period of the 
"MJ" word-cycle, when the state of line EG is reversed 
fr&m TRUE to FALSE, the state of flip flop 609S remains 
unchanged, so that Hne (OEM)' remains TRUE. How- 
ever, if the algebraic sign of the word just read out from 
m.emory is positive, so that line (J3)' is TRUE, the state 
of line (OBM)' is rendered FALSE at T!ME-3 by a 
change of state of flipflop 6095. Consequently, line 
(OBM)', in the later instance, does not remain TRUE 
for a time period sufficient to allow credit balance solenoid 
CBS (FIG. 90B) to be responsive thereto. However, if 
the algebraic sign of the word just read out from memory 
is negative, so that line (OBM)', remains TRUE, credit 
balance solenoid CBS is energized for a time period suf- 
ficient for norma! operation thereof. 

As previously described with respect to FIG. 37, as a 



result of credit balance solenoid C3S being energized, 
the amount collectively indicated by the differentially-set 
positions of the amount racks is subtracted, during the first 
machine cj'cle, from the "X" totalizer, which normally 

g stores a v.'ord of all zeros. During the second machine 
cyc'e, a total operation is executed with respect to the 
"X" totalizer, so that the complement of the word just 
read out from memory is printed in red, with a "CR" 
symbol disposed to the right thereof. 

10 As shown in FIG. 90B, when line WO A is rendered 
TRUE at the beginning of the "MJ" word-cycle, upper 
motor bar solenoid MB<i> is energized if the high-order 
digit in section 2 of the instruction register is a "0" 
or a "1"; middle motor bar solenoid MBl is energized 

15 if the high-order digit in section 2 is either a "2" or a "3"; 
and lower motor bar solenoid MB2 is energized if the 
high-order digit is either a "4" or a "5". However, ap- 
pro.ximately 130 milliseconds after the preselected motor 
bar is automatically depressed via energization of the cor- 

20 responding motor bar solenoid, all am.ount racks not 
locked in home position are simultaneously translated in 
a setting direction toward the rear of the machine. 

As previously described with respect to FIG. 72 and 
with respect to the mode of operation of an EKW sub- 

25 program, the state of output line PCT is rendered TRUE 
at each translational position of the timing rack corre- 
sponding to a digital value and is rendered FALSE during 
the time the timing rack is being translated from one 
position to a successively higher-order digital value posi- 

30 lion. Therefore, with reference back to FIG. 90A, when 
the timing and amount racks first begin their translational 
movement toward the rear of the machine, the state of 
line (PCT)' is reversed from TRUE to FALSE, and, as 
a result, the state of flipflop SCSisS is reversed, so that line 

35 JHR is thereby rendered TRUE. At the following TliV'E- 
1, the state of flip-flop 6088 is again reversed, and lino 
JHR is thereby rendered FALSE. As shown in FIG. 90B, 
each time line JHR experiences a TRUE-to-FALSE rever- 
sal of state, the state line AF likewise experiences a 

40 TRUE-to-FALSE reversal of state. Thus, the F-countcr 
(FiG. 72) is incremented by a count of "1" each time the 
racks are simultaneously translated from one position to 
a successively higher-order digital valued position. 

With reference to FIG. 90A, each time the state of line 

45 J FIR reverses from TRUE to FALSE, the stale of flipfiop 
6066 is reversed, so that line MJ is thereby rendered 
TRUE; consequently, a "MJ" word-cycle is thereby ini- 
tiated at the following TlME-1 after each time line PCT 
is rendered TRUE while the racks are traveling in a set- 

50 ting direction. As just described, during the execution of 
a "MJ" word-cycle, all of the digits of the word stored 
in memory at the address specified by the contents of sec- 
tion 3 of the instruction register are sequentially read out, 
stored in the "J" digit-register, and compared with the 

55 digital count of the F-counter. 

Thus, during the time the amount racks are being si- 
multaneously translated from home position to their #1 
digital positions, the state of line JKR is reversed from 
TRUE to FALSE, the F-counter is advanced to a count 

60 of "1," and simultaneously therev.'ith, a "MJ" word-cycle 
is initiated. Consequently, each digit of the word read 
out from memory is effectively examined to determine 
vv'hether its value is "1." Thereafter, those ones of rack- 
stopping solenoids RA^L through RA9L (FIG. 4) corre- 

65 spending to the digital positions of those digits of the 
woi'd having a value of "1" are simultaneously energized 
to arrest movement of and thus dilferontially position the 
corresponding amount racks at the #1 digital valued posi- 
tions thereof in the same manner as just described. 

70 The above sequence of events is sequentially repeated 
until all of the ten amount racks are differentially vSet 
at those digital valued positions collectively representa- 
tive of the word just read from memory. It is to be 
noted, ho'vcvsr, that a "MJ" word-cycle is also initiated 

75 v/hen the F-counter reaches a count of "9" even though 
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all amount racks net previously stopped are autcmat'cally 
stopped at their high-order digital valued positions. How- 
ever, with reference to FIG. 901?, v.'hon the F-counter 
reaches a count of "8," as indicated by a TRUE slate of 
line F8, order-hook solenoid OHl is energized if the low- 
order digit in section 2 of the instruction register is a "1," 
whereas order-hook solenoid OH2 is energized if the lov/- 
crder digit in section 2 is a "2." As previously described 
with respect to the EKVV subprogram, when order-hook 
solenoid OHl is energized, all order-hooks from the third 
to and including the eighth ones arc unlatched from their 
respective type sectors. However, when order-hook sole- 
noid OH3 is energized, all order-hooks from the third to 
and including the eleventh ones arc unlatched from their 
respective type sectors. As previously described with re- 
spect to FIGS. 3 A, 4!, and 72, v/hen printing aligner bars 
72 engage the proper tooth of corresponding ones of the 
members 5S in order to precisely align each of the type 
sectors 67 prior to a printing operation, the contacts of 
switch 550 are closed, so that the state of flipflops 6071 
and 6872 are reversed, so that line (PCX)' is rendered 
FALSE thereby. 

As a result of line (PCX)' thus being rendered 
FALSE, the state of flipflop 6088 (FIG. 90 A) is again 
reversed, so that line JHR is again rendered XRUE. Thus, 
at the following TIME-1 when line JHR is rendered 
FALSE, line AF (FIG. 90B) experiences a TRUE-to- 
FALSE reversal of state to effect the advancement of 
the F-counter from a count of "8" to a count of "9." 
With reference to FIG. 90B, when the F-counter is in- 
cremented from a count of "8" to a count of "9," any 
previously-energized order-hook solenoid (OHl— 0H2) 
is de-energized. With reference back to FIG. 90A, when 
line AN is rendered FALSE after the F-coimter roaches 
a count of "9," the state of flipflop 6118 is reversed, so 
that line WOA is thereby rendered FALSE, ^'i'ith ref- 
erence now to FIGS. 90B and 90C, as a result of line 
WOA thus being rendered FALSE, all previously-ener- 
gized motor bar, rack-release, credit-balance, and rack- 
stopping solenoids are de-energized and thus rendered 
ineffective. 

With reference to FIG. 90A, when the F-counter 
reaches a count of "9," as indicated by line F9 being 
rendered TRUE, the state of flipflop 60SO is reversed, 
and line CA is thereby rendered TRUE upon completion 
of the following "MJ" word-cycle, as indicated by line 
MJ being rendered FALSE. In response to line CA thus 
being rendered TRUE, a "CA" word-cycle is thereafter 
executed, whereby the word collectively indicated by the 
differentially-set positions of the amount racks is read 
out, in the manner previously described with respect to the 
EKW subprogram, and thereafter stored in address-A 
via line MXW (FIG. 90B). Upon completion of the 
previously-initiated "CA" word-cycle, as indicated by 
line CA being rendered FALSE, the state of ilipflop 6100 
(FIG. 90A) is reversed, so that line RS3 is thereby 
rendered TRUE. In response to line RSB thus being 
rendered TRUE, a "RSB" subcommand is thereafter 
executed, whereby the word initially read out from the 
address in memory as specified by the contents of sec- 
tion 3 of the instruction register is subtracted digit by 
digit from the word just stored in address-A. If each 
digit of the word just read out from memory is equal in 
magnitude to the corresponding digit of the word stored 
in address-A, line ZNO remains FALSE, and, as a re- 
sult, the state of flipflop 60S6 remains unchanged, so 
that line (OBN)' remains TRUE. However, if^a digit 
of the word in address-A is not equal to the correspond- 
ing digit of the corresponding word in memory, indicat- 
ing that the word just printed out does not correspond to 
the word just read out from mem.ory, line ZNO ex- 
periences a TRUE-to-FALSE reversal of state, thereby 
causing the state of flipflop 6096 to be reversed, so that 
line (OBN)' is thereby rendered FALSE, thus indicating 
that a printing error has occurred. When the state of 



line (OBN)' is thus reversed fi-om TRUE to FALSE, 
the state of flipflop 6107 is not reversed by logical AiND 
1716 to indicate completion of tire "PCW" subprogram, 
as is normally the case. 

5 As previously described with respect to FJ5G. 59, if 
the contents of section 3 of the instruction register is 
equal to the contents of section 4 thereof, indicating that 
there are no other words to be pri.nted out from memory, 
the state of line (134)' is rendered TRUE. Line (134)', 

]0 however, is rendered FALSE if there are additional words 
to bs printed out. 

Therefore, v.'ith reference back to FIG. 90A, if the 
word just printed out is equal in magnitude to the word 
just read out from memory, as indicated by a TRUE 

15 state of line (OBN)', and if there are no other words to 
be printed out, as indicated by a TRUE stale of line 
(F34)', the state of flipflop 6107 is reversed by the output 
of logical AND 1716 vAen line AN experiences a TRUE- 
to-FALSE reversal of state upon completion of the previ- 

20 ously-initiated "RSB" subcommand; consequently, line 
STD is thereby rendered TPvUE, thus indicating the end 
of the POW subprogram. When line STD is thus rendered 
TRUE, line XS5 (FIG. 90B) is Hkewise rendered XP.UE. 
Thus, as previously described v/ith respect to the EKV/ 

25 subprogram, in response to lines STD and TS5 being 
rendered TRUE, a "STD" subinstruction is thereafter 
executed, v/hercby the contents of section 5 of the instruc- 
tion register is stored in the word-selecting register. 
However, if there are additional words to be printed 

30 out, line IN4 (FIG. 90B) is rendered FALSE when line 
AN is rendered FALSE upon completion of the previ- 
ously initiated "RSG" subcommand. Consequently, sec- 
tion 3 of the instruction register is incremented, and the 
same "POW" subprogram is again subsequently executed 

.35 in the same manner as just described. It is to be noted, 
however, that, even though line SIT) is rendered TRUE, 
indicating the end of the "POW" subprogram, section 3 
of the instruction register is, nevertheless, incremented 
via line IN4 regardless of the result of the comparison 

'10 between the contents of sections 3 and 4 of the instruc- 
tion register. It is also to be noted that, if a plurality of 
words stored in sequentially-numbered addresses in mem- 
ory are to be sequentially printed out during the execu- 
tion of a single "POW" subprogram, the same motor bar 

^-^ and order-hook solenoids are utilized for each word 
printed out. However, if a different motor bar or O'^der 
hook is desired to be utilized, a second "POW" instruc- 
tion is to be initiated, Vt-hich specifies the desired combina- 
tion thereof. 

72. Detailed Description of ROC Instruction 

Before describing the mode of operation executed by 
the computer in carrying out a "rccord-on-card" sub- 
program, a description will first be given with respect io 

55 the particular ledger card which is utih'zed in a novel 
manner by the present computer in accordance with the 
present invention. 

As previously described with respect to FIG. 88A, the 
ledger cards utilized by the present computer are capable 

(iO of having recorded thereon historical, current, and fixed 
data in both machine-readable and human-readable lan- 
guages and, consequently, are readily adaptable to be 
utilized in the mechanization of record-keeping and ac- 
counting systems and procedures. As illustrated in FIG. 

(j5 o8A., each ledger card is provided with a vertical strip 
385 of ferromagnc'tic ractcrial approximately one-half- 
thousandth inch thick and approximatciy one inch wide, 
which is coated along subctantially the entire left margin 
of its face surface. A,s further illustrated in FIG. 88B, 

70 the magnetic strip is capable of being effectively divided 
iiiio three rnagnelicahy isolated vertical channels, each of 
which is adapted to have binary information magneticahy 
recorded therein. As previously described with respect 
to the ledger card handling equipment, and as diagram- 

75 m;;ticai!y illustrated in FIG. 88B, tht^lcflmo.st channel is 



50 



165 



3,112,394 



166 



adapted to have "linefind" information magnetically re- 
corded therein, the centrally-disposed channel is adapted 
to have synchronizing "ciock" information magnetically 
recorded therein, and the rightmost channel is adapted 
to have data information magnetically recorded therein, 
v/heroby each reproduced linefind information is in the 
form of either a signal impulse or a pair of oppositely- 
going impulses, the reproduced position of which is in- 
dicative of the position of the next posting line, and 
whereby the reproduced clock information is in the form 
of a train of equally-spaced impulses of alternating po- 
larity and disposed with reference to adjacent ones of 
which impulses is located a binary data bit in the data 
channel. 

As will be seen later, due to the fact that the ledger 
card is translated at a linear speed of approximately ten 
inches per second with respect to the recording and re- 
producirig portion of the card-handling equipment, and, 
as the recording clock frequency is approximately two 
hundred cycles per second (square wave), the recording 
density is therefore approximately forty binary bits per 
inch. As four binary bits are utilized by the present 
computer to represent a single decimal digit, the digit 
density is equal to substantially ten decimal digits per 
inch. Thus, a lodger card having a length of approxi- 
mately twelve and three quarters inches is capable of 
having magnetically recorded on the ferromagnetic strip 
thereof approximately one hundred decimal digits and, 
additionally, provides sufficient space to have printed on 
the face surface thereof approximately fifty-seven type- 
written linos at six lines per inch. 

Before a previously unused ledger card is fed into 
the computer, it is desirable that each of the three mag- 
netic channels be rnagneticaUy polarized in one direction 
only, in order to provide a proper premagnetized back- 
ground for subsequently-recorded data thereon. After 
each posting operation is completed, and before the ledger 
card is ejected from the computer, a linefind discontinuity 
or indication is recorded on the magnetic strip at a ver- 
tical position indicative of the position of the next posting 
line. The linefind indication is obtained simply by re- 
versng the direction of magnetization of the linefind chan- 
nel at the position corresponding to the next posting line. 
Thereafter, the linefmd indication is effectively shifted 
downwardly by a distance of one posting line after each 
posting operation is completed. As will later be seen, 
three distinct linefind indications may selectively be re- 
corded on the strip, if so desired, in spaced positions with 
respect to each other to effectively divide the face of the 
ledger card into three printing zones, one disposed above 
the other, whereby the next line of posting is effected in 
any selected one of the three printing zones. 

The method of recording utilized by the present com- 
puter in magnetically recording information in each of 
the channels of the ferromagnetic strip is the so-called 
"two-level non-return" system. That is, the length por- 
tion of the strip within a channel either is magnetized in 
one direction — i.e., north-south — or is magnetized in the 
opposite direction — i.e., south-north. Therefore, a north- 
south polarization is capable of being indicative of, say, 
a binary "1," whereas a south-north magnetic polariza- 
tion is thus indicative of a binary "0." Likewise, if the 
magnetic strip were initially polarized north-south down- 
wardly from the top portion thereof, as illustrated in 
FIG. 88B, a south-north polarization is capable of being 
indicative of a linefmd magnetic discontinuity. 

During a recording operation, the words are sequen- 
tially recorded on the magnetic strip, starting at the top 
of the card with the highest-order bit of the highest-order 
digit of the first word and ending with the lowest-order 
bit of the lowest-order digit of the last word at the bot- 
tom of the strip. Vv'hen the card is subsequently read, the 
low-order bit of the low-order digit of the last recorded 
word is read or magnetically sensed first, and the high- 
order bit of the high-order digit of the first recorded word 



is last to be read. Thus it is evident that the ledger card 
is translated in one direction during a recording opera- 
tion and is translated in the opposite direction during 
a reading operation. 

5 In order to conserve space during a recording opera- 
tion, all non-significant zeros located to the left of the 
highest-order significant digit are suppressed and replaced 
by an "end-of-word" indication comprising the recorii- 
ing of binary 1111. Thus, if a word of all zeros is to be 

10 recorded, only an end-of-v.'ord indication is recorded in- 
stead. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the flow diagram of FIG. i07D, 
is a step-by-step description of the various previously dc- 

15 scribed subinstructions to which the computer is sequen- 
tially responsive in executing a "ROC" instruction. 
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GO-0-3 
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W^-r, 
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L1-5-S 
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L2-0-7 
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LL-0 8 
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MIC-0 0-.-. 
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AD(2)O-10. 
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l'lQ--0-U_-- 
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MK-4-12.-.- 
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12 


K^-14-13._.- 
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D,;i-0-14 




14 


KEY~0-15._ 
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1)9-16-13.--- 
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16 


EOS-0-17— 
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K<ii-18-22— - 
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SES-0-19.— 
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D,J -20-22-. - 
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MK-4-18— - 
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V/ith reference to FIG. 76, the state of flipflop 6092 
is reversed upon completion of the previously-initiated 
subprogram, due to a TRUE-to-FALSE reversal of state 
of line AN. As previously described, when the state 
of flipflop 6092 is reversed, so that line Ml is rendered 
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TRUE, a "Ml" v/ord-cydc is initiated whereby the word 
stored in memory at the address specified by the con- 
tents of the word-selecting register is read out and stored 
i.i the instructions register. Thereafter, if the two-deci- 
jnai-digit number stored in section 1 of the instruction 
register corresponds to the code designation for a "ROC" 
instructioir— i.e., "03"— the state of line ROC (FIG. 56) 
is rendered TRUE. As a resuit, a "record-on-card" sub- 
program is thereafter executed in the following manner: 
It is first assiur.ed that, upon initiation of the "ROC" 
subprogram, a ledger card is positioned in the accounting 
ni.iichine carriage, the posting operation on the card is 
completed, and it is desired to magnetically record line- 
find information in addition to the last line of posting on 
the magnetic strip thereof wliile the card is being ejected 
from the machine. With reference to FtG. 82, it is fur- 
tl)er assumed that the able arm of the accousiling ma- 
ciiine is in the non-deilected position, so that the contacts 
of switch 496 are closed, thus indicating that the motor 
bars are not disabled; that the carriage of the machine is 
not tabulating over a carriage stop so that the contacts of 
switch ElO are closed; that the machine is in home posi- 
tion so that the contacts of switch 528 are closed; and that 
a paper-tape-punching operation is not to be initiated, as 
indicated by a closure of switch contacts SC41 — 3. The 
just-menlioncd assumptions being satisfied, line GO is 
rendered TRUE, thus indicating that the accounting ma- 
chine is ready for a cycie of operation thereof to be 
initiated. 

As it is assumed that the machine carriage is in home 
position, tile contacts of switch 579 are closed, so that 
line HC is rendered TRUE thereby. Also, as the carriage 
of the machine is now closed, the movable arm of switch 
333 is in the position shown, so that the state of hne (D)' 
is TRUE. In addition, when line ROC is initially ren- 
dered TRUE, lines REC and i are likewise rendered 
TRUE and remain TRUE for substantially the entire 
time duration of the execution of the "ROC" subpro- 
gram. Consequently, when line i is initially rendered 
TRUE, the states of all of the inputs to logical AND 
1767 are, for the first time, simultaneously TRUE, and, 
as a result, solenoid Y is energized thereby. As pre- 
viously described with respect to FIG. 38, when solenoid 
Y is energized, carriage throat shaft 458 is rotated coun- 
ter-clockwise thereby to effect the tripping of the carriage 
throat clutch, not shov/n, which allows the carriage to 
bo opened by the power shaft of the machine. During 
the carriage-opening operation, the front feed chute is 
tilted forward to the position shown in FIG. 18, so that 
compression rolls 296 are positioned in close proximity 
to the card-handling platen 241, with the ledger card dis- 
posed therebetween. In addition, after the carriage is 
opened, the movable arm of the switch 333 (FIG. 82) 
is deflected downwardly, as viewed, and thereby renders 
line D TRUE and line (D)' FALSE. When line (D)' 
is thus rendered FALSE, solenoid Y is de-energized there- 
by. 

As previously described, when the front feed chute is 
in the position shown in FIG. 18 and tlie compression 
rolls 296 are adjacent to, but not latched against, the 
card-drive platen 241, the brushes 336 and N are elec- 
trically connected together by the commutator bar 342, 
as shown in FIG. 28B. However, when the paper guide 
motor is energized, the cam 3J51 (FIG. 19) is rotated 
counter-clockwise to the position shown, to complete the 
latching operation in a manner previously described. 
When the latching operation is completed, so that the 
ledger card is secured between the compression rolls 296 
and the platen 241, the commutator bar 342 will have 
been rotated clockwise to the position shown in FIG. 
28A. As a result, the brushes E and 339 are electrically 
connected together by the commutator bar 342. 

As diagrammatically illustrated in FIG. 83, the brushes 
336 and 3J9 function in essentially the same manner as 
the movable arm of a single-pole double-throw switch. 
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Tlrus, prior to the latching operation, lisie E is substan- 
tially at ground potential, and the potential on line N is 
substantially equal to the negative potential applied to 
brushes 336 — 339. Therefore, after carriage-opening 

5 solenoid Y (FIG. 82) is de-energized by hne (D)' being 
rendered FALSE and line D simultaneously being ren- 
dered TP.UE, paper-guide relay solenoid PGR (FIG. 83) 
is energized by gate 1777. Energization of relay sole- 
noid PGR initiates the closure of normally-open contacts 

l!^ PGR- — 1, PGR — 2, and PGR — S, and simultaneously ini- 
tiates the opening of normally-closed contacts PGR — 3 
and PGR — 4. As shown, an opening of contacts 
PGR — 3 and PGR — 4 and a closure "of contacts PGR — I 
and PGPv — 2 cause a reversal of subsequently-applied 
■current flow through the armature of paper guide motor 
PGM, which is of the permanent magnet type, and thereby 
cause a reversal of subsequent rotation thereof. A clos- 
ure of contacts PGR — 3, of course, causes armature cur- 
rent to flow through paper-guide motor PGM.. There- 
fore, when the paper guide relay is energized, armature 
current is applied to the paper-guide motor, so that its 
armature is rotated in a direction to effect the latching 
of the compression rolls 296 against the card-drive platen 
241, as illustrated in FIG. 19. 

After the latching operation is completed, so that the 
commutator 340 is rotated by the paper-guide motor to 
the position shown in FIG. 28A, line E (FIG. 83) is 
rendered FALSE and thereby causes the paper-guide 
motor to be de-energized by effecting a de-energization 
of p,aperEuide relay PGR, and thus initiating the return of 
the relay contacts thereof to their normal conditions, as 
shown. In addition, v,'ith reference to FIG. 17, after 
the latching operation is completed, the radiant energy 
from the light source 373 is reflected from the ledger card 
back onto the sensitive areas of photocells PCB and 
PCC and thereby energize both. Consequently, with 
reference back to FIG. 83, v/hcn photocells PCB and 
PCC are energized, lines B and C are respectively ren- 
dered TRUE thereby in the manner previously described. 
When line E is rendered FALSE, due to the fact that 
the paper guide is now in a latched condition, lines (E)' 
and N are, of course, both rendered TRUE. 

As shown in FIG. 82, when line (E)' is rendered 
TRUE, energization of solenoid X is effected by gate 
3769. As previously described with respect to FIGS. 16 
and 17, energization of solenoid X aUows subsequent 
rotation of the square shaft 2g3 and thereby allows the 
lower compression rolls 288 to be disengaged from the 
platen 71. As also previously described with respect to 
FTG. 19, when the square shaft 283 is rotated counter- 
clockwise, as viewed, to cause the lower compression 
rolls to be disengaged from the accounting machine platen, 
the contacts of the switch 545 are operated thereby. 
ITierefore, with reference back to FIG. 82, after the 
lower compression roll disengagement operation is com- 
pleted, the movable arm of switch 545 is deflected down- 
v/ardly, as viewed, and thus causes the state of line G 
to thereafter be TRUE. Simultaneously therewith, line 
(G)' is rendered I^^ALSE and thereby causes solenoid 
X to be de-energized. When line G is thus rendered 
TRUE, card drive motor CDM is caused to be ener- 
gized by gate 1770. As a result, the ledger card is driven 
toward the rear of the machine and back into the chute 
291 by the platen 241, in the manner previously de- 
scribed v/ith respect to FIGS. 17 through 19. 

As previously described with respect to that portion of 
the preceding description relating to the format of a 
"ROC" instruction v/ord, the num.eral "0" in the low- 
order digital position of section 2 thereof causes a " rec- 
ord single line find information" operation to subse- 
quently be initiated; the numeral "1" in the low-order 
digital position of section 2 thereof causes a "record no 
iinefind information operation to subsequently be initi- 
ated; and the numeral "2" in the low-order digital po- 
sition of section 2 thereof causes a "record multiple line- 
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find information" operation to subsequently be initiated. 
As previously described with respect to FIG. 57, if the 
value of the digit stored in the low-order digital position 
of section 2 of the instruction register is a "0," a "1," or a 
"2," the state of one of lines L<;5 through L2 is respectively 
rendered TRUE. 

With reference nov^ to FIG. 85, if it is assumed that 
single linefind information is desired to be recorded, as 
indicated by a TRUE state of line l.4>, lines LI and L2, of 
course, being FALSE, the reference input to fiipflop 6140 
is reversed from TRUB to FALSE when line G is ren- 
dered TRUE in the manner just described. Consequent- 
ly, the state of ilipflop 6140 is reversed, so that the upper 
end, as viewed, of the winding of linefind head 346 is 
rendered TRUE. Simultaneously therewith, the output 
of gate 18C0 is rendered TRUE, so that the center tap 
of the winding of the linefind head 346 is thereby rendered 
FALSE. As a result, current is caused to flow between 
the center tap and the upper end of the winding of line- 
find head 346 in such a direction as to magnetize the line- 
find channel portion of the magnetic strip of the ledger 
card in the opposite direction to the pre-magnetized di- 
rection. Flowever, approximately ten to forty millisec- 
onds later, the state of flipflop 6140 reverts back to its 
oiiginal condition, so that the lower end of the winding 
of linefind head 346 is now rendered TRUE instead of 
its upper end, as before. Consequently, current is caused 
to flow between the center tap and the lov/er end of the 
linefind v/inding in such a direction as to magnetize the 
remaining portion of the linefind channel in the same 
direction as the pre-magnetized direction, thereby simul- 
taneously erasing all previously-recorded linefind informa- 
tion. 

It is now assumed that multiple linefind information is 
desired to be recorded, so that line L2 is initially ren- 
dered TRUE instead of line L^. Thus, when the state 
of flipflop 6140 is initiaiiy reversed in the manner just 
described, the state of flipflop 6141 is likewise reversed 
smiuitanooiisiy therewith. Thus, again, the states of the 
upper end and center tap of the winding of linefind head 
346 are rendered TRUE and FALSE, respectively, as 
before described. Consequently, the linefind channel is, 
again, first magnetized in the opposite pre-magnetized 
direction by the first reversal of state of flipflop 6140 and, 
thereafter, is magnetized in the same direction as the pre- 
magnetiTred diiecliori by a second reversal of state of 
fiipllop 61't0, as before described. However, approxi- 
mately sixty milliseconds after the state of flipflop 6141 
is initially reversed, its state reverts back to its initial 
condition, so that the state of the center tap of linefind 
head 346 is rendered TRUE thereby, thus essentially de- 
energizing the iine-find head and thereby preventing fur- 
ther erasure of previotisly-recorded linefind information, 
all of which is diagrammatically iiUisirated in FIG. 88B. 
It is to be noted that, if it is desired for no linefind in- 
formation to be recorded in the linefind channel, as in- 
dicated by a TRUE state of line LI, the linefind head is 
prevented from being energized due to the fact that the 
state of line (LI)' is thus FALSE and thereby prevents 
the output of logical AND 1798 from subsequentiy being 
rendered TRUE. 

With reference to FIG. 17, v.'hen the ledger card has 
been driven to tlia full extent into chute 291, the reversal 
spot located at the top margin of the ledger card, indi- 
cated as 376 in FIG. 88A, passes over the junefion of 
the leg members 371 and 372. Consequently, the radiant 
energy from light source 373 is absorbed by the dark 
area thereof to the extent that photocell PCB is thus de- 
energized. With reference to FIG. 83, v/hen photocell 
PCB is de-energized, the state of line B is rendered 
FALSE thereby. When line B is thus rendered FALSE, 
the state of flipflop 6122 is reversed, so that line P is 
rendered TPi-UE, line (P)', of course, being simulta- 
neously rendered FALSE. When fine (P)' is thus ren- 
dered FALSE, card-drive relay coil CDR is de-energized, 



and, as a result, relay contacts CDR — S are closed and 
thereby render line (U)' TRUE. 

With reference to FIG. 82, also when coil CDR is 
de-energized, relay contacts CDR — 1 and CDR — 2 are 

g opened, whereas relay contacts CDR — 3 and CDR — 4 
are closed, as shov/n, thus causing a reversal of siibse- 
qi;;:nt!y-applied current through tiie armature of motor 
CDM resulting in a subsequent reversal of rotation 
thereof. However, when line (P)' is rendered FALSE, 

10 card-driven motor CDM is de-energized due to the fact 
that the output of gate 1770 is simultaneously rendered 
FALSE, ^¥ith reference back to FiG. 83, when line 
(P)' is thus rendered FALSE, the state of flipflop 6123 
is reversed, so that card-drive brake solenoid CDB is 

15 energized. Consequently, when solenoid CDB is ener- 
gi.zed, the ledger card is brought to a sudden standstill in 
the manner previously described v.'ith respect to FIG. 14. 
Appro :<imately 120 milliseconds after solenoid CDB is 
energized, flipflop 6123 reverts back to its initial state of 

20 energization, so that solenoid CDB is thereby de-ener- 
gizcd. 

With reference to FIG. 82, when line (U)' is rendered 
TRUE due to the card-drive relay coil being de-energized, 
current is applied through the armature of card-drive 

25 motor CDM via gate 1771 in such a direction that the 
direction of rotation of card-drive motor is reversed and 
the ledger card is driven outv.'ardly from the carriage. 

As scon as the ledger card begins to be translated out- 
wardly from the accounting machine carriage toward 
the loading table of the card-handiing equipment, the 
reversal sn-ot on the top margin thereof is moved away 
from photocell PCB (FiG. 17), and photocoil PCB is 
consequently exposed to light source 373. With ref- 
erence back to FIG. 83, when photocell PCB is exposed 
to radiant eneigy, !ine B is rendered TRUE thereby. 

With reference to FiG. 85, when line B is again ren- 
dered TRUE, all of the inputs to logical AND 1301 are 
simultaneously TRUE, and, as a result, tlie reference 
input to flipflop 6143 is reversed from a TRUE state 
to a FALSE state. Consequently, fiiptlop C143 reverses 
state, so that line SCD is rendered TRUE when the 
reversal spot on the top margin of the ledger card is 
moved away from photocell PCB. Approximately 75 
milliseconds later, however, flipllop 6143 again reverses 
state, and line SCD is thereby rendered FALSE. As 
will be seen later, flipflip 6143 provides a 75-niiiiisecond 
delay in order to allow the ledger-eard-driving means 
srifiicient tim.e to accelerate the ledger card to full 
velocity liefore any information is magnetically recorded 

50 thereon, thus obtaining a recording margin at the top of 
the card of approxim.ately one half-inch in width. 

With refejence to FIGS. 92A through 92C, there is 
logically illustrated therein a composite circuit diagram 
of particular portions of the computer circuitry utilized 

55 in executing a "ROC" instruction. With particular ref- 
erence to FIG. 92B, when line SCD experiences a TRUE- 
to-FALSE reversal of state, indicathig that the ledger 
card has reached full velocity and is in position for re- 
cording thereon, the state of ilipflop 6093 is reversed, so 

60 that Kite iMIC is rendered TRUE thereby. 

As previously described with respect to section (b) 
of FiG. 50, multivibrator 6126, shown in FIG. 92A, is 
a free-running 400-cycle-per-second square-wave genera- 
tor synchronized with respect to the changes of state 

05 of line C41. Consequendy, the reference output of mul- 
tivibrator 6126 is rendered TRUE at TIME-1 when 
the state of line C41 reverses from TRUE to FALSE 
and, approximately 1240 microseconds later at TIME- 
1, is rendered FALSE and, approximately 1240 micro- 

70 seconds later at TIME-1, is again rendered TRUE, and 
so on. As shown, the reference and prime output lines 
from multivibrator 6126 are respectively connected to 
the reference and prime input lines of flipflop 6133. 
Therefore, the state of line ICC is sequentially reversed 

75 from TRUE to FALSE and back to TRUE at a 400- 
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cycle -per-second rate but essentially 180 degrees out of 
phase with chimges of state of the reference output of 
multivibrator 6126. By the same token, v/hen line ROC 
is rendered TRUE at the beginning of the "ROC" sub- 
program, the state of line GC is reversed at the same 5 
rate as the state of line ICC but essentially 180 degrees 
out of phase therowitli. Flipflop 6182 operates as a 
frequency divider which essentially divides the output at 
line GC by units of "2." Thus, it is evident, the state of 
line SAM is sequentially reversed from TRUE to FALSE ](> 
to TRUE at a 200-cycle-per-second rate, with each change 
of state thereof occurring at TIME-1. Jn other words, 
line SAM is rendered FALSE at the first TlME-1, re- 
mains FALSE for approximately 2480 microseconds and 
is rendered TRUE at TIME-1, remains TRUE for ap- ]-, 
proximately 2480 microseconds and is rendered FALSE 
at TIME-1, and so on. 

Tlierefore, with reference to FIG. 9SB, when line 
GC is first rendered TRUE at TIME-1 after line ROC 
is rendered TRUE, the reference input to flipflop 6983 20 
is reversed from TRUE to FALSE. Consequently, flip- 
flop 6088 reverses state, so that line JHR is rendered 
TRUE thereby. At the following TlME-1, the state 
of flipflop 6C88 is again reversed, and line JHR is there- 
by rendered FALSE. Thus, every 2480 microseconds 2.') 
lat TIME-1 after line ROC is rendered TRUE, line JHR 
is rendered TRUE and remains TRUE for 40 micro- 
seconds and is rendered FALSE at the following TIME- 
1. With reference now to FIG. 92A,, when the reversal 
spot on the ledger card is moved away from photocell 30 
PCB and the ledger card is being translated outwardly 
from the carriage at ma.ximum velocity, all the inputs 
to logical AND 1366 are TRUE after line MIC is ren- 
dered TRUE. Consequently, when line JHR is there- 
after rendered FA.LSE, the state of flipflop 6061 is re- 35 
versed, so that line TH is rendered TRUE. At TIME-3 
after line TH is rendered TRUE, line AD experiences 
a TRUE-to-FALSE reversal of state. As shown in 
FIG. 92C, when line ROC is initially rendered TRUE, 
line DBD is likewise rendered TRUE. 

As previously described with respect to the digit- 
counter (FiG. 62), after hne DBD is rendered TRUE, 
subsequent successive TRUE-to-FALSE reversal of states 
of line AD causes a successive decrementing of the count 
of the digit-counter. It is seen, therefore, as line DBD 
is TRUE when line AD is rendered FALSE, that the 
digit-counter is decremented from a count of "0" to a 
count of "9." Also, as shown in FIG. 92A, when line 
TH is rendered TRUE, line KKF is likewise rendered 
TRUE. Therefore, when line AD is rendered FALSE, &o 
line PK0 also experiences a TRUE-to-FALSE reversal 
of state, and, as a result, the "K" digit-register (FIG. 
70) is preset to "0." 

With reference to FIG. 92C, when lines ROC and 
TH are simultaneously TRUE, line MK is rendered 55 
TRUE. When line MK is thus rendered TRUE, line 
TS4 is likewise rendered TRUE. Thus, in response to 
lines MK and TS4 being TRUE, a "MK" digit-cycle is 
thereafter executed whereby the high-order digit of the 
word stored in memory at the address specified by the 60 
contents of section 4 of the instruction register is stored 
in the "K" digit-register. At TiME-1 after the high- 
order digit of the word in memory is stored in the "K" 
digit-register, the state of flipflop 6061 (FIG. 92A) is 
reversed, 'and line TH is thereby rendered FALSE. When 05 
line TH is thus rendered FALSE, the state of flipflop 
6095 (FIG. 92B) is reversed, and line OEM is thereby 
rendered TRUE. However, forty microseconds later at 
the following TIME-1, the state of flipflop 6095 is again 
reversed, and line OBM is rendered FALSE. 70 

As previously described with respect to FIG. 70, when- 
ever the "K" digit-register is storing a decimal digit hav- 
ing a value of zero, hne K0 is rendered TRUE; other- 
v/ise, line (Kti,)' is rendered TRUE. If it is assumed 
that the U!v}t jisst stored in the "K" digit-register has a 75 
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value other than zero, the state of flipflop 6039 (FIG. 
92B) is reversed when line OBM is rcnciercd FALSE. 
Consequently, lino KEY is thereby rendered TRUE, in- 
dicating thfit the computer is ready to magneticaliy re- 
cord the digit now stored in the "K" digit-register on 
the magnetic strip of the ledger card, /'vciua! record- 
ing on the ledger card, hov.'ever, does riot begin until 
line SAM (FIG. 92A) is rendered FALSE. When line 
SAM is st:bscquont!y rendered FALSE due to a reversal 
of state of flipflop 6i€2 approximately 2480 microsec- 
onds after being rendered TRUE, the state of flipflop 
6S89 (FiG. 92B) is again reversed, so that line KEY is 
thereby rendered FALSE. 

With reference to FIG. 92C, when line KEY experi- 
ences a TRUE-to-FALSE reversal of state, the state of 
ilipflop 6104 is reversed, and line SES is rendered TRUE 
;md rem.Tins TRUE until all data and clock information 
has been m-agnetical!y i-ecordcd on the ledger card. 
With reference now to FIG. 85, as lines SES and ROC 
remain TRUE during the entire recording operation, re- 
cordijig current efl'cctively flows through the winding of 
clock recording-reproducing head 347 in one direction 
or in the opposite direction, depending upon whether 
the state of line SAM is TRUE or FALSE. Thus, it is 
evident, when line SES is rendered TRUE, an approxi- 
mately 200-cyclo-per-sccond square-wave signal is mag- 
netically recorded in the clock channel of the ledger card 
while the card is being translated outwardly from the 
carriage at a linear speed of approximately ten inches 
per second. 

As previously described with respect to FIG. 70, the 
output of the "K" digit-register is effectively serialized, 
in that the digit stored therein is efl:ective!y "read out" 
bit-by-bit and the state of line KS is sequentially condi- 
tioned either TRUE or FALSE for each bit, depending 
upon whether the bit just read out is either a "1" or a "0," 
respectively. Therefore, when line KEY (FIG. 61) is 
rendered FALSE, line CYC is reversed from TRUE to 
FALSE. As a result, the bit-counter (FIG. 62) is de- 
cremented from a binary count of "«" to a binary count 
of "rf." With reference back to FIG. 70, if it is assumed 
that the digit previously stored in the "K" digit-register 
is a "9"- — i.e., binary 1001 — when the bit-counter is at a 
binary count of "d," so that line Bd is TRUE, line KS 
is rendered TRUE, indicating that bit "d" of the digit 
stored in the "K" digit-register is a binary "1"; when the 
bit-counter Is subsequently decremented to a count of 
"c' due to a change of state line (GC)', hence line 
CYC, line KS is rendered FALSE, indicating that bit "c" 
of the digit stored in the "K" digit-register is a binary "0"; 
when the bit-counter is subsequently decremented tO' a 
count of "b" hne KS remains FALSE, indicating that bit 
"b" is also "0"; and, finally, when the bit-counter is 
decremented to a count of "a" line KS is rendered TRUE, 
indicating that bit "a" is a binary "1." 

As previously described, the states of fiipflops 6102 
(FIG. 92A) and 6083 (FIG. 92B) are simultaneously 
reversed by a change of state of line (GC)', so that lines 
SAM and JHR are simultaneously rendered TRUE. 
Forty microseconds later, however, the state of flipflop 
60S8 is acain reversed, so that line JHR is rendered 
FALSE. 

With reference to FIG. 92C, it is evident that the state 
of line OBN is conditioned TRUE or FALSE via flip- 
flop 6096 each time the output of gate 1629 is rendered 
FALSE, to correspond to the value of the binary hit just 
read out from the "K" digit-register. That is, if the bit 
is a binary "1," line OBN is rendered TRUE; if the bit 
is a binary "0," line OBN remains FALSE. With refer- 
ence to FIG. 85, it is evident that, forty microseconds 
after each reversal of state of line SAM, current is ef- 
fectively caused to flow through the winding of data 
recording-reproducing head 348 in one direction when 
line OBN is rendered TRUF, and is caused to flow in 
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an opposite direction when line OBN is rendered FALSE. 
Thus, it is seen the data information is magnetically 
recorded in synchronism with the 200-cycle-per-second 
clock information. 

With reference back to FIG. 92A, during the time the 
tenth-order digit of the word read out from memory is 
being recorded on the ledger card, so that the bit- 
counter is again at a count of "a," the output of gate 
1370 reverses from TRUE to FALSE when the state 
of line JHR again experiences a TRUE-to-FALSE 
reversal of state. As a result, tlie state of flipflop 6061 
is reversed, and line TH is again rendered TRUE for 
the second time. At the following TIME-3 after line 
TH is rendered TRUE, the state of line AD is reversed, 
so that the digit-counter is decremented from a count of 
"9" to a count of "8." Simultaneously therewith, the 
"K" digit-regis-ter is preset to zero via change of state 
of line PK0. 

With reference to FIG. 92C, when line TH is thus 
rendered TRUE, line IVIK is likewise rendered TRUE 
for the second time. Again, when line MK is thus 
rendered TRUE, line TS4 is rendered TRUE. Conse- 
quently, in response to lines MK and TS4 thus being 
rendered TRUE, a second "MK" digit-cycle is thereafter 
executed, whereby the ninth-order digit of the word 
stored in memory at the address specified by the contents 
of section 4 of the instruction register is read out, stored 
in the "K" digit-register, and thereafter magnetically 
recorded in the data channel of the ledger card in sub- 
stantially the same manner as just described. With refer- 
ence to FIG. 92B, at TIME-3 after the digit-counter 
reaches a count of "0," so that line D0 is TRUE, and 
the bit-counter reaches a count of "a," so that line B« is 
TRUE, thus indicating that the first-order digit of the first 
v/ord read from memory is being magnetically recorded 
on the ledger card, the state of flipflop 6094 is reversed, 
so that line MOU is rendered TRUE thereby. 

After the first-order digit of the first word read from 
memory is magnetically recorded on the ledger card, the 
contents of sections 3 and 4 of the instruction register 
are compared for equality in the same manner as previ- 
ously described. If the contents of sections 3 and 4 are 
not equal, indicating that there are additional words to 
be read from memory and subsequently recorded on the 
card, section 4 is decremented, via line DE2, approxi- 
mately twenty microseconds after line MOU is rendered 
TRUE. Thereafter line MOU is rendered FALSE and 
the above sequence of events is again repeated, in sub- 
stantially the same manner as just described. When the 
contents of sections 3 and 4 of the instruction register 
are of equal magnitude, indicating that there are no more 
words to be read from memory and magnetically re- 
corded on the ledger card, line (134)' is rendered TRUE 
in the same manner as previously described with respect 
to FIG. 59. 

Thus, as the State of line (134)' is now TRUE, the 
state of flipflop 6694 is again reversed in response to 
the next succeeding TRUE-to-FALSE reversal of state 
of line (GC)', and, as a result, line MOU is thas 
rendered FALSE. With reference to FTG. 92C, when 
line MOU is thus rendered FALSE, the state of flipflop 
6104 is reversed, so that line SES is rendered FALSE 
thereby, thereafter terminating ail recording of clock and 
data information in the respective channels of the ledger 
card strip. Vv"nen line SES is thus rendered FALSE, tVie 
state of flipflop 6090 is reversed, so that line LK is 
rendered TRUE thereby. 

As previously mentioned, when a word is read out 
from memory to substantially be magnetically recorded 
on the ledger card, all non-significant zeros are essentially 
replaced by a single "end-of-word" notation, the end-of- 
word notation being recorded as a binary 1111. 

With reference to FIG. 92B, if it is now assumed that 
the tenth-order digit of the word read out from memory 
and initially stored in the "K" digit-register is a zero, 
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the state of flipflop 6089 remains unchanged, so that 
line KEY remains FALSE when iine OBM is rendered 
FALSE as before. However, if line KEY was previously 
rendered TRUE prior to the initiation of the "ROC" sub- 
program, the state of flipflop 6089 is reversed when 
line SA.M is thereafter rendered FALSE, and, as a result, 
line KEY is rendered FALSE thereby. When line KEY 
is rendered FALSE at the beginning of the recording 
operation, the state of flipflop 609S is reversed, so that 
line ROS is thereby rendered TRUE. Therefore, with 
reference to FIG. 92C, due to the fact that line ^d is 
TRUE at the beginning of the recording operation and 
line JHR is rendered TRUE when line (GC)' is first 
rendered FALSE, as before described, the state of flip- 
flop 6096 is reversed when line JHR is rendered FALSE 
cipproximately forty microseconds after line ROS is first 
rendered TRUE. Consequently, line OBN is rendered 
TRUE thereby. Approximately five milliseconds after 
line OBN is rendered TRUE, the state of flipflop 6096 
is reversed when lines SAM and (GC)' are both rendered 
FALSE. With reference to FIG. 92B, approximately 
five milliseconds after line (OBN)' is thus rendered 
TRUE, the state of flipflop 6093 is again reversed when 
lines SAM and (GC)' are both again simultaneously 
rendered FALSE. As a result, line ROC is thereby 
rendered FALSE. 

With reference now to FIG. 85, when line ROS is thus 
rendered TRUE and remains TRUE for approximately 
ten milliseconds, during which time both of lines SES and 
ROC are TRUE, current is caused to flow through the 
winding of data recording-reproducing head 348, via gate 
J796, in the same direction for approximately ten milli- 
seconds, and in such a direction therethrough as to cause 
four successive binary "I's" to be recorded in the data 
channel. At the following TIME-1 when line JHR is 
rendered FALSE after line (ROS)' is rendered TRUE, 
the state of flipflop 6096 (FIG. 92C) is reversed, and, as 
a result, line OBN is rendered TRUE and rem-ains TRUE 
until lines (GC)' and SAM are subsequently rendered 
FALSE. As line (OBN)' is simultaneously rendered 
FALSE when line OBN is rendered TRUE, the state of 
flipflop 6093 (FIG. 92B) is prevented from being re- 
versed until line SAM is subsequently rendered FALSE 
approximately 160 microseconds after line ROS is ren- 
dered TRUE. However, when line SAM is rendered 
FALSE, the state of flipflop 609S is reversed, and line 
R.OS is rendered FALSE, thus terminating the end-of- 
word recording operation. It is to be noted that, while 
the state of line ROS is TRUE, the state of line OBN is 
not sequentially conditioned, as before, to successively 
correspond to the value of the binary biis of digit stored 
in the "K" digit-register. 

With reference to FIG. 17, just prior to the ledger card 
being co.Tipletely ejected from the carriage, the bottom 
edge thereof first passes over the top of the rightmost ex- 
tension of arm 374. Thereafter, photocell PCC is de-en- 
ergized due to the fact that the radiant energy from light 
source 373 is not reflected by the ledger card onto the 
light-sensifivo area thereof, as before. As previously de- 
scribed, photocoli PCC is connected in the circuit of pre- 
amplifier 4733 (FIG. 83) in such a manner that the state 
of line C is rendered FALSE when photocell PCC is dc-- 
energized. When line C is thus rendered FALSE, the 
sfate of flipflop 6122 is reversed, so that iine (P)' is ren- 
dered F-^LSE thereby, thus de-energizing card-drive relay 
coil CDR. When coil CDR is dc-cncrgized, relay con- 
tacts CDR-5 arc closed, and line (U)' is thereby ren- 
dered TRUE. With reference to FIG. 82, when line 
(P)' is thus rendered FALSE, card-drive motor COM is 
de-energized. With reference back to FIG. 83, also when 
line (P)' is rendered FALSE, the state of flipflop 6123 is 
reversed, so that card-drive brake coi! CDB is energized 
for a period of approximately 120 milliseconds and thus 
causes the card-drive motor CDM to be brought to a sud- 
den standstili in the manner previously described with re- 
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sp;ct (o FIG. !4. After a time lapse of approximately 
120 milliseconds, the state of flipflop 6123 is again re- 
versed, so that card-drive brake coil CDB is de-energized 
thereby. 

y/ith reference back to FIG. 17, when the bottom edge 
of the ledger card passes over the junction of arms 371 — 
37.2, phoiocelS PCB is de-energized due to the fact that 
the radiant energy from the light source 373 is thereafter 
not rcHected by the ledger card onto the active area there- 
of. As previously described, photocell PCB is connected 
in the circuit of pre-amplifier 4736 (FIG. 83) in such a 
manner that the state of line (B)' is rendered TRUE when 
photocell PCB is de-energized. Thus, when line (B)' is 
rendered TRUE, all of the inputs to gate 1775 are, for the 
first time, simultaneously TRUE, so that paper-guide 
motor PGM is energized and is thereafter caused to ro- 
tate in the opposite direction, due to the fact that the 
paper-guide relay coil PGR was previously dc-energized, 
so that relay contacts PGRI through PGR4 are caused 
to resume their normal conditions, as shown. As pre- 
viously described with respect to FIG. 19, when the paper- 
•Tulde motor is caused to be rotated in a direction oppo- 
site to that during a latching operation, the cam 301 is 
rotated clockwise, as viewed, so that the compression 
rolls 296 and 241 are unlatched from each other. During 
the unlatching operation, the commutator 340 is rotated 
to the position shown in FIG. 28A. Consequently, with 
reference to FIG. 83, the brushes 336 and 339 are effec- 
tively m.ovcd downwardly to the position shown, so that 
lines (E)' and N are rendered FALSE thereby. When 
the state of line N is thus rendered FALSE, the state of 
flipflop 6122 is again reversed, so that line (P)' is ren- 
dered TPXTE and thereby re-energizes card-drive relay 
ooil CDR. When coil CDR is energized, contacts CDR-5 
are opened and thereby effect de-energization of paper- 
guide motor PGM. 

With reference to FIG. 82, when the state of line P is 
thus rendered FALSE, the state of line (EOC)' is thereby 
rendered TRUE. Therefore, with reference to FIG. 92C, 
when line (EOC)' is thus rendered TRUE, indicating that 
the ledger card is completely ejected from the carriage, 
the state of flipflop 6050 is reversed upon occurrence of 
the next TRUE-to-FAT,SE reversal of state of line AN. 
When the state of flipflop 6090 is thereby reversed, line 
LK is rendered FALSE. As shown in FIG. 92A, when 
line LK is rendered FALSE, the state of flipflop 6107 is 
reversed, so that line STD is rendered TRUE thereby. 
When line STD is thus rendered TRUE, line TSS is like- 
wise rendered TRUE. In response to lines STD and TSS 
thus being rendered TRLfE, a "STD" subinstniction is 
thereafter executed, whereby the contents of section 5 of 
the instruction register is stored in the word-selecting reg- 
ister in the manner previously described. In addition, 
v/hen line STD is rendered TRUE, line (STD)', of course, 
being rendered FALSE, line REC (FIG. 82) is rendered 
FALSE, thus terminating the sequence of events initiated 
by the "ROC" instruction. 
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the sequence of operation nevertheless remains substan- 
tially unchanged. During the second phase of the sub- 
program, after the ledger card has reached the maximum 
rearward position within the accounting machine carriage, 
the card either is immediately ejected from the carriage 
or is placed in a proper position within the carriage ready 
for a position operation thereon. After the ledger card 
is either ejected or placed on the next posting line, the 
third and last phase of the subprogram causes the carriage 
to be closed and the preselected motor bar to be depressed 
for either a touch or a hold operation. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the flow diagram of FIG. 107C, is a 
sitep-by-step description of the various previously-described 
subinstructions to which the computer is sequentially re- 
sponsive in executing an "ECW" instruction. 
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73. Detailed Description of ECW Instruction 

In executing an "ECW" instruction, the control counter 
portion of the computer operates in conjunction with the 
card-handling portion thereof to effect the individual re- 
production of lineiind, clock, and data information, each 
being previously recorded magnetically in a different one 
of the three channels of the magnetic strip portion of the 
ledger card in the manner just described. 

The subprogram for the execution of such an "ECW" 
instruction may be divided into three distinct phases. 
During the first phase of the subprogram, the data infor- 
mation, in the form of a sequence of words, is first read 
from the magnetic strip and is thereafter stored in the 
designated memory address locations. If the ledger card 
does not have any information magnetically recorded 
thereon, such as, for example, a new ledger card, even 
though there is no information magnetically reproduced, 



18.--- 
19.__- 

C'O 20..-. 

21...- 

22.... 

23.... 

25--. 

28 

27 

70 



29... 
30--- 



SulJinstruc- 
tiony 
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rj*-0-2b...- 
RIjR-0-3-..- 

0BN(3) 0-4 
CC11-20-5-. 



CYC-O-f). 
.TL(l)-0-7 
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Cull 



■■IM'y 



Bd-4-S-.. 



CM -3 10 

OB IV (2) 0-11 
EOW-lt-12. 

D9-13-17 

AD{l)-042.. 
-lD(l)-0-15.. 
,IM-3-l6 



y ihe jH.i;U. in-Stracii iii word horn iiie-: 
iiilo !he insi ri!i:Liori ^'.^u-^Ler, iIili a'ldin'iij jj) 
Tnusnor/ of ih" ^lext irj ifnicJinn ^\'ord heiift; 
indicated liy [he eoiit,''nl.s rif i.j'ie ivard-seji;r-i- 
iiig rtgluer; ilr-reaffer, if the C'nitrnSs of 
secii ni 1 of the iiis;r[]."ti;ni rcjrisj.er i:^'*iy.l", 
carry otit the su})in,;truetion W-iial hi f^trp- 2a 
(if tho f-dtov.d)ig ll]CW sul);,r;jf;rarij. 

i'rs,-et !:]]ei'.r' dii:it-ro;iiiiter ia"0": thL're;tf!er, 
go to f>tep-2b. 

I're-eti ' it" counter (o c),irr,isnond to !oiv-ordi r 
di^it of ^ecfion ■! of Llie Instruetiia l-ic'd^fer 
and llicreain'r f^o to 8f;ei>-3. 

l>re-iet line OHN to a I'WLSE state; tiicrcafier, 
go to .Step-4. 

Go to Ste[j-.1 Mhcn a sync!ironi7,iai^ clock im- 
pulse i.i inaiineticaily picked ui) frorji Hie 
ledger card. IToueiier, v.lliin the iiviger carri 
is all the way Into the carria;-'e jvist prior to 
r,i\-cr.ial, go t.o Step 20 if d clock iniEHilse ha:. 
not l)een picked up. 

IiicremenL the bit-cotinter: Lllereaftcr, go to 
Step-8. 

Store in the "J" digit-regiiUer file data hit 
read from the ledger card. \v]iiL:h bit corres- 
pond.^ to tile count of tlie bit-counter: there- 
after, go to Step-7. 

If Uie bit-counter is at a connt of "d," go to 
Step-8: of.hcr.use, go to Step-4. 

D8-U-9 j If tlie digit-counter is at a count of "9,'" go to 

Step-9; otheri.vise, go to dtep-Il. 

Clear tlte. address in memory specified by sec- 
tio[i-3 of tile i!istr[ictton regisler; tiiereafter, 
go to Slep-10. 

I'reict line OH.V to a TRUK state: thereafter, 
go to Step-11. 

If the "J" digit-register Is storing "15," go to 
Slep-12: other'.vise. go to Si.ep-I4. 

If the digit-counter is at a count of "9," go to 
Stop-17; othenviso, go to Hte[>-i:i 

Increment the digit-counter; tliereafler, go to 
Step-12. 

Increment the digit- counter; thereafter, go to 
Step-15. 

Copiy the digit stsred in tlie "I" digit-ir-giner 
memory at the digital tiositi ,n indicated iiy 
the count of the dEgit-eount.er, ;!i,-^ address in 
memory being SErecioed liy secdon 3 of the 
iustrtiCLl'^n re^i-ler; there, ifter, go to .Sieo-l<>. 

If tlie di"ii.-connter is at a i:nunt of "9," go to 
.Si.ej)-17; othenv-ise, go to sltei>-4. 

If the ineiiKjry addresses specified by se--ii!)n3 
3 atld 4 of tJlG instraction regiifer ar:' er;ual, 
go to Si,cp-19: other-.viie, go to Step--18. 

Incre:nent sectijp 3 of the instrueti!>a rrgisier; 
theriaifter, go to StCiM. 

If file lov,--order digit siorid in section 2 of tlie 
instriifition isgister is a"l," go to S-X';h-'I'i; 

other'visc. go 10 ^ten-22. 

If the state of line ()fi>f is TIIUE. go to .^Icp- 

21 otherwise, go to S1e,!-22. 
Mject the Ic Igor card; tliereafter. go to Ste;>-4. 
Oo to Step-24 wlien the nest lineiinil iiniiulso 

is nt igoetlealiy pici'cri up. 
Eject tile ledger card; tiiereaft.er, ^o to Step-27. 
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OBN' (l)-22- 

21. 
MttU {2)-0- 
LFA-0-24-.. 



MOU (2)-0- 
])K-0-26.--- 
R(4-22-2Ei.,-_ 

L-0-27 

Ll-28-30.... 

L3-29-30.... 



KPn-0-30.. 
CLC-0-31.. 



Il-couoter; thereafter, go to 
"0," go to 



Decrement the 

Stcp-26. 
If the K-counter is at a count of ' 

SteiJ-2tj; otiienvise, go to StefJ-22. 
I'o^ition the liidger card on tiie next posting 

line; therelfteir, go to Slep-27. 
If the losv.order digit in section 2 of the ifi- 

struetion rcglsler is a '1," go to &leiJ-30; 

otIleriA-ise, go to Ste!)-2S. 
If the loiv-ordcr liigit in seftioo-2 of the in- 
struction register is a "3." go to Step -30; 

otiier-ivise, go to ^lcp-29. 
Upon depression of the resunie-prog.rani b:)r, 

gotO'Step-30. 
Close the accounting niaclniie carriage; Iherc- 

aflcr. go to Hlt'p-31. 
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step 



Subinstriic- 
tions 
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ao-o-32_ 


32 


H0-34-33 


33 


MB0 (l)-0-45. 


34 


Hl-36-36 


35 


MB<* (2)-0-45_ 


36 


112-38-37 


37 


MDl (1)-0H1S. 


38 


113-40-39 


39 


MBl (2)-0-46. 


40 


114-42-41 


41 


MB2 (l)-0-46. 


42 


H6-44-43 


43 


MB2 (2)-0-46. 


44 


H6-0-48 


45 


PCT-0-4e 


46 


AF-0^7 


47 


F&-45-48. 


48 


STD-f>-' 



Description 



Go to Stcp-32 in the Subprogram whenever 
dei^res^iQn of a motor bar will initiate a 
inacliine cycle 

If the higli-ordcr digit in section 2 of the in- 
struction register is a "0," go to Stei)-33; 
otherwise, go to Step-34. 

Depress the upper motor bar for a touch opera- 
tion thereafter, so to Step-45. 

If the high-order digit In section 2 of the in- 
.structioT! register is a "1," go to Sten-35; 
otherwise, go to Step-3)). 

Depress the upper motor bar for a hold opera- 
tion; thereafter, go to Step-45. 

It the high-order digit in ."-ection 2 of the in- 
.strnction register is a '*2," go to Step-37; 
otherwise, go to Step-3S. 

Depress the middle motor bar for a touch 
operation; tiiereafter. go to Step-45. 

If the high-orticr digit in section 2 of the in- 
struction register is a "3," go to Step-39; 
otherwise, go to Step-40. 

Depress the middle motor bar for a hold opera- 
tion; thereafter, go to Step-45. 

If the high-order digit in section 2 of tlic In- 
struction register is a "4," go to Step-41; 
otherwise, go to Step-42. 

Depress the middle motor bar for a hold opera- 
tion; thereafter, go to Step-45. 

If the high-order digit in section 2 of the in- 
struction register is a "5,'' go to Stcp-43 ; 
otherwise, go to Siep-44. 

Depress the lower motor bar for a hold opera- 
tion; thereafter, go to Stei)-4r). 

If the high-order digit in section 2 of the in- 
struction register is a "fi," go to SteD-48. 

When the amount racks are traveling in a 
setting direction, go to Sten-46 in the sub- 
program each time the timing rack changes 
from one digital valued position to anotlier, 
and also upon engagement of the printing- 
aligner. 

Increment the F-counler; thereafter, go to 
Step-47. 

If the F-countcr is at a count of *'9," go to 
Stop-48; otherv/iso, go to Step-45. 

Copy the contents of section 5 of the instruction 
register into the word-selecting register. 
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With reference to FIG. 76, upon completion of the pre- 
viously-initiated subprogram, the state of flipfiop 6092 is 
reversed by a TRUE-to-FALSE reversal of state of line 40 
AN. As previously described, when the state of flipfiop 
6092 is reversed, so that line MI is rendered TRUE, a 
"MI" viford-cycle is initiated, whereby the word stored in 
memory, at the address indicated by the contents of the 
word-selecting register, is read out and thereafter stored 45 
in the instruction register. Thereafter, if the two-decimal 
digit number stored in section 1 of the instruction regis- 
ter corresponds to the code designation for an "ECW" 
instruction — i.e., "02"— the state of line ECW (FIG. 56) 
is rendered TRUE. As a result of line ECW thus being 
rendered TRUE, an "enter-card-words" subprogram is 
executed in the following manner: 

At TIME-4 during the last bit time after the previously- 
initiated "MI" word-cycle is substantially completed, line 
AN (FIG. 61) is again rendered TRUE and, ten micro- 
seconds later at TlME-1, is again rendered FALSE. 
With reference back to FIG. 76, when line AN is rendered 
FALSE upon completion of the "MI" word-cycle opera- 
tion, the state of flipfiop 6092 is again reversed, and line 
MI is rendered FALSE, thus terminating the "MI" word- 
cycle operation. As previously mentioned with respect 
to FIG. 72, as long as lines MI and AN are both TRUE, 
line MIN is TRUE. Thus, when line AN is rendered 
FALSE, line MIN is likewise rendered FALSE. 

Reference is now made to FIGS. 91 A through 91C, 
wherein there is logically illustrated a composite circuit 
diagram of various portions of the computer circuitry 
utilized in executing an "ECW" instruction. With par- 
ticular reference to FIG. 9 IB, when line MIN experiences 
a TRUE-to-FALSE reversal of state, the state of flipfiop 70 
6094 is reversed, and line MOU is thereby rendered 
TRUE. As long as lines MOU and ECW are both 
TRUE, line RED is likewise TRUE. 

Upon initiation of an "ECW" instruction, it is assumed 
that the carriage of the accounting machine is in home 75 
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position, so that the contacts of switch 579 (FIG. 82) 
are closed and line HC is thereby rendered TRUE; that, 
after the carriage reaches home position, depression of a 
motor bar is capable of initiating a cycle of operation of 
the accounting machine, as indicated by the contacts of 
each of serially-connected sv,fitches 496, 510, 528, and 
Kl — 7 being closed, so that line GO is thereby rendered 
TRUE; and that the carriage of the accounting machine 
is closed, so that the movable arm of switch 333 is in the 
position shown, so that line ( D) ' is TRUE. 

Therefore, when line RED is initially rendered TRUE, 
line / likewise being rendered TRUE, all of the inputs to 
gate 1767 are simultaneously TRUE. As a result, sole- 
noid Y is energized and thereafter causes the accounting 
machine carriage to be opened in the manner previously 
described with respect to FIG. 38. If it is assumed that 
the lower compression rolls 288 are in the latched posi- 
tion, as shown in FIG. 17, the movable arm of switch 
545 (FIG. 82) is therefore in the position shown (see also 
FIG. 19), so that line (G)' is thereby rendered TRUE. 
After the carriage opening operation is completed, the 
movable arm of switch 333 is deflected downwardly, as 
viewed, so that line (D)' is rendered FALSE, thereby de- 
energizing carriage-open solenoid Y. However, when 
line D is rendered TRUE when line (D)' is rendered 
F.A.LSE, solenoid X is energized and thereafter allows 
the lower compression rolls 288 to fall away from the 
platen 71 in the manner previously described with respect 
to FIGS. 15 through 17. After the lower compression 
rolls are disengaged from the accounting machine platen, 
the movable arm of the switch 545 (FIG. 82) is deflected 
downwardly, in the manner previously described with re- 
spect to FIG. 19, v/hereby line (G)' is rendered FALSE, 
so that solenoid X is thereby de-energized. However, 
when line G is rendered TRUE, all of the inputs to gate 
1757 (FIG. 81) are simultaneously TRUE, and, as a re- 
sult, enter-card lamp EC (see also FIGS. 1 and 2) is 
illuminated, thus providing a visual indication that the 
computer is ready to receive a ledger card. 

After a ledger card of the type shown in FIG. 88A 
is placed face down on the loading table, with its leftmost 
vertical edge against the card-alignment surfaces, as illus- 
trated in FIG. 22, both of the photocells PCAl and 
PCA2 are de-energized thereby. With reference to FIG. 
83, photocells PCz\l and PCA2 are connected in the cir- 
cuit of prc-ampliflers 4734 and 4735, respectively, and 
in a manner previously described with respect to FIG. 
51/1, so that lines Al and A2 are respectively rendered 
TRUE v/hcn photocells PCAi and PCA2 are de-ener- 
gized. With reference to FIG. 22, when the ledger card 
is manually moved upwardly as viewed, photocell PCB is 
energized in a manner previously described with respect 
to FIG. 17. With reference now to FIG. 83, when photo- 
cell PCB is energized, line B is thereby rendered TRUE. 
As a result of the inputs to gate 1776 all being TRUE 
simultaneously, paper-guide relay coil PGR is energized. 
Consequently, relay contacts PGR — 1, PGR — 2, and 
PGR — 5 arc closed, whereas contacts PGR — 3 and 
PGR- — 4 arc opened thereby. As a result, paper-guide 
motor PGM is thereby energized and thereafter rotates 
latching cam 301 (FIG. 19) counter-clockwise to latch the 
compression roll 296 against the card-handling platen 
241, as shown, with the forward edge portion of the ledger 
card being firmly secured therebetween. 

After the latching operation is completed, line E is 
rendered FALSE and line N is rendered TRUE in a mian- 
ner previously described with respect to FIGS. 16 and 
28B. As shown in FIG. S3, when line E is thus rendered 
FALSE, paper-guide relay coil PGR is de-energized, and 
the contacts operated thereby resume their normal con- 
ditions, as shown. As a result, paper-guide motor PGM 
is thereby de-energized. With reference to FIG. 82, 
also when line E is thus rendered FALSE, the state of 
flipfiop 6121 is reversed, so that line (KK)' is momen- 
tarily rendered FALSE. However, after a time lapse of 
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approximately 250 milliseconds, the state of flip-flop 6121 
reverts back to its original state, so that line (KK)' is 
rendered TRUE, and, as a result, card-drive motor CDM 
is energized thereby. 

When the card-drive motor is energized at this time, 
the ledger card is automatically driven into the carriage 
of the accounting machine in the same manner as previ- 
ously described with respect to FIG. 17, so that the mag- 
netic strip on the leftmost margin thereof passes directly 
over the magnetic recording-reproducing head assembly 
343, shown in FIG. 19. As the leading edge of the ledger 
card passes over photocell PCC (FIG. 17), the radiant 
energy from the light source 373 is reflected from the 
ledger card onto the active area thereof, so that photo- 
cell FCC is energized thereby. As previously described 
with respect to FIG. 83, line C is rendered TRUE as a 
result of photocell PCC being energized. With refer- 
ence now to FIG. 85, when lino C is thus rendered TRUE, 
all of the inputs to gate 1804 are simultaneously TRUE 
for the first time. Consequently, the lowermost one of 
the reference inputs to each of flipflops 6144 and 614S 
is rendered FALSE, so that the flipflops are thereafter 
properly conditioned to be responsive to negative-going 
impulses which are respectively derived by data head 348 
and clock head 347 from the information previously 
stored in the data and clock channels, respectively, on 
the magnetic strip of the ledger card, flipflop 6144 being 
utilized for D.C. restoration of impulses derived from 
the data channel, and flipflop 6145 being utilized for 
D.C. restoration and frequency doubling of the impulses 
derived from the clock channel. Thus, when the in- 
formation zone of the magnetic strip portion of the ledger 
card first passes over the magnetic heads, clock and data 
impulses are derived, thereafter amplified, D.C. restored, 
and then essentially fed to other portions of the com- 
puter circuitry by v,'ay of Unes CCR and CSA, respec- 
tively. 

For example, as the state line REC is FALSE, the 
train of clock impulses derived by clock-head 347 and 
having an alternating polarity at a repetition rate of ap- 
proximately 2O0 cycles per second appear amplified and 
inverted at the output of transistor gate 1805 in the same 
manner as previously described with respect to FIG. 48i. 
In response to each of the clock impulses, the state of 
flipflop 6145 is reversed, and line CCR is rendered TRUE. 
Flowever. approximately 1240 microseconds later, the 
state of flip-flop 6145 reverts back to its initial state, so 
that line CCR is rendered FALSE Oiereby, all of which 
is fully illustrated in FIG. 87D. 

With reference now to FIG. 91 A, at TJME-1 after a 
clock impulse is derived and line CCR is rendered TRUE 
by a reversal of state of flipflop 6145 (FIG. 85), the 
state of flip-flop 6087 is reversed, so that line GC is 
thereby rendered TRUE, line (GC)', of course, being 
simultaneously rendered FALSE. When line (GC)' ex- 
periences a TRUE-to-FALSE reversal of state, the state 
of flipflop 6088 is reversed, so that line JHR is rendered 
TRUE thereby. Forty microseconds later at the follow- 
ing TIME^l after line JHR is rendered TRUE, the state 
of flipflop 6088 is again reversed, and line JHR is rendered 
FAlJSE. Thus, it is evident, each time a clock impulse 
is derived from the clock channel by the clock pick-up 
head, line JHR is rendered TRUE for one bit time period 
of forty microseconds. As illustrated in FIG. 87D, the 
state of line CSA is rendered TRUE by flipflop 6144 
(FIG. 85) whenever the impulse derived by the data 
pick-up head is indicative of a binary "1," and is rendered 
FALSE whenever the data impulse is indicative of a 
binary "0." 

With reference now to FIG. 9 IB, at TIME-3 after 
line JHR is first rendered TRUE, line PJc^ experiences a 
TRUE-to-FALSE reversal of state and thereby causes 
the "J" digit-register (FIG. 71) to be preset to zero. 
Also at TIME-3 after line JHR is rendered TRUE, the 
state of lino CYC is re\'ersed from TRUE to FALSE. 



As a result, the bit-counter (FIG. 62) is incremented 
from a binary count of "rf" to a binary count of "a." 

If it is assumed thist the first decimal digit to be mag- 
r.eiicany picked up from the ledger card by the data head 

5 is a "9"— i.e., binary lOOi, as illustrated in FIG. 87D— 
fine CSA is rendered TRUE at the first TlME-1, indicat- 
ing that the binary value of bit "a" of the digit is a "1." 
Thus, with reference back to FIG. 9113, as line CSA is 
now TRUE, indicating that bit "«" of the digit is a binary 

10 "i." the state of line JL is reversed from TRUE to FALSE 
at TlME-4 after line JHR is rendered TRUE. There- 
fore, with reference to FIG. 71, as the bit-counter is now 
at a binary count of "o," so that line Ba is TRUE, the 
slate of flipflop 6070 is reversed when line JL is thus ren- 

l,", dsred FALSE, and, as a I'esuit, line Jn is thereby rendered 
TRUE, indicating that bit "a" of the digit stored in the 
"J" disit-register is a binary "I." As bits "b" and "c" of 
Ihc first digit to be read from the ledger card both have a 
value of "0," as illustrated in FIG. 87D, the state of line 

20 CSA (FiG. 85) is rendered FALSE by a reversal of state 
of ISipllop 6t44 as a result of the negative-going impulse 
derived by the data head, and rem.ains FALSE for two 
bit ti:r:e periods until the next positive-going impulse is 
derived indicative of the binary value of bit "d." 

25 As line CSA is now FALSE, indicating that the binary 
value of bit "/)" is "0," line JL (FIG. 91B) is likewise 
rendered FALSE. At TlME-2 after line JHR is rendered 
TRUE for the second time by the second clock impulse 
dcj-ived by the clock head, the bit-counter is advanced 
from a binary count of "J" to a binary count of "c" due 
to a change of stale of line CYC. Therefore, with ref- 
erence back to FIG. 71, as line JL remains FyVLSE be- 
fore and after line B6 from the bit-counter is rendered 
TRUE, the stulo of flipflop 6069 remains unchanged, so 
that the state of line ]b is FALSE, indicating that the 
binary value of bit "/>" of the digit stored in the "J" digit- 
register is a "0." The above-described sequence of events 
is sequentially repeated until lines Jff and Jd of the "J" 
digit-register are each rendered TRUE, lines J/> and Jc 
remaining FALSE. Thus, the states of lines la through 
h! collectively represent the binary value of the digit just 
read from the ledger card — i.e., "1001." 

With reference back to FiG. 9 IB, after the first-order 
digit is magnetically read from the ledger card and is 
stored in the "J" digit-register via line JL, the digit-coun- 
ter being at a count of "9" and the bit-counter being at 
a coiint of "f/," the stale of flipflop 6082 is reversed and 
line CM rendered TRUE at the first TIME-1 after line 
JHR is rendered TRUE for the fifth time. When line CM 
is thus rendered TRUE, line TS3 is likewise rendered 
TRUE. Consequently, in response to lines CM and TS3 
being rendered IRUE, a "Cisi" word-cycle is thereafter 
ex.ecutcd, whereby the address in memory specified by the 
contents of section 3 of the instruction register is cleared 

55 by the writing of all zeros therein. Upon completion of 
the juEt-initiatcd 'CM" word-cycle, line AN experiences 
a TRUE-to-FALSE reversal of state, so that the state of 
ilipliop 6382 is reversed and line CM is thereby rendered 
FALSE. With reference to FIG. 91 A, when line CM ex- 

()() periences a TRUE-to-FALSE reversal of state, the state 
of iiipfiop 6C36 is reversed, so that line (OBN)' is there- 
by rendered FALSE. 

it is to be noted at this point that the specified ad- 
dre!;5 in memory is not cleared until it has been deter- 

05 mined that the ledger card just fed into the computer is 
not a new card; i.e., a card having no information mag- 
jieticaliy recorded thereon. As a result of the "J" digit- 
register being loaded with a digit having a value other 
than zero, it is thereby determined that at least one deci- 

70 ma! digit is magnetically recorded on the ledger card. 
Also, by clearing the particular address in memory before 
a digit is stored therein, the computer is immediately per- 
niiltijd to pi'oceed with respect to the next successive ad- 
dress in mt'nio.i-y whenever an end-of-woi'd nutation is 

75 read from the ledger card, an end-of-word notation (i.e.. 
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binary 1111) indicating that the remainder of the high- 
order digits of the word are zeros. Thus, as the re- 
mainder of the high-order digital positions in the partic- 
ular address in memory are already preset to zero, the 
digit-counter is thus permitted to return to a count of "9" 5 
when an end-of-word notation is detected, without the 
need of executing successive read-write cycles with re- 
spect to each of the remaining digits of the word having 
a value of zero. 

With reference to FIG. 91A, when line CM is thus 10 
rendered FALSE, the state of flipfiop 6061 is reversed, 
so that line TH is thereby rendered TRUE. At TlME-1 
after line TH is thus rendered TRUE, the state of fiinflop 
6104 is reversed, so that line SES is rendered TRUE 
thereby. Also, with reference to FIG. 9 IB, at TlME-3 ig 
after line TH is thus rendered TRUE, line AD experiences 
a TRUE-to-FALSE reversal of state and thereby cau-xs 
the digit-counter to be incremented from, a count of "9" 
to a count of "0." In addition, due to the f.act that the 
difit now stored in the "J" digit-register is other than an 20 
end-of-word notation, so that line (EOV/)' is TRUE, 
line jM is also rendered TRUE when line TH is thus ren- 
dered TRUE. When line .IM is rendered TRUE, line 
TS3 is likov/ise rendered TRUE. Consequently, in re- 
sponse to lines JM and TS3 tlius being rendered TRUE 25 
and the digit-counter being at a count of "0," a "JM" 
digit-cycle is thereafter executed, whereby the digit just 
stored in the ".J" digit-register (i.e., "9") is stored in the 
first-order digital position of the address in memory speci- 
fied by the contents of section 3 of the instruction register. 30 

In the present example, as tie first digit read from the 
ledger card and stored in memory is not an cnd-of-word 
notation, and as there are therefore oth!;r digits of the 
word magnetically recorded on the card, the "J" digit- 
register is again preset to "0" by a TRUE-to-FALSE re- 33 
versal of state of line ?J<p at TIJ\'IE~3 after line JHR is 
again rendered TRUE. Thereafter, the bit-counter is suc- 
cessively incremented from a count of "d" th]-ough counts 
"a" "b," and "c" and back to a count of "d," during which 
time the second digit magnetically read from the ledger 40 
card is stored in the "J" digit-register via line JL in exact- 
ly the same manner as just described. Thereafter, the 
digit-counter is advanced from a count of "0" to a count 
of "1," and the digit thus stored in the "J" digit-register is 
thereafter stored in the second-order digital position of '^'^ 
the selected address in memory. 

The above-described sequence of events is sequentially 
repeated until each of the digits of the first word is read 
from the ledger card and thereafter stored in the selected 
address in memory. With reference to FIG. 91 A, it is "'* 
noted that line TH is rendered FALSE at each TlME-1 
by a reversal of state of flipfiop 6061 after each "JM" 
read-write cycle is completed, as indicated by line (CFF)' 
being rendered TRUE. Thus, when line TH is thereby 
rendered FALSE, the state of flipfiop 6104 is reversed and "'^ 
line SES thereby rendered TRU.E, whenever either the 
digit-counter is at a count of "9," as indicated by line D9 
being rendered TRUE, or an end-of-word notation is de- 
tected, as indicated by line EOW being rendered TRUE in 
the manner previously described with respect to FIG. 71. ^^ 
If an end-of-word notation is not detected, the state of 
flipfiop 6104 is again reversed, and line SES is thereby 
rendered FALSE at the following TIME-1 after the digit- 
counter reaches a count of "9." As shown in FIG. 9 IB, 
after the digit-counter reaches a count of "9," line IN4 is C5 
reversed from a TRUE state to a FALSE state when line 
SES is rendered FALSE; as a result, section 3 of the in- 
struction register is incremented by a count of "1" in the 
manner previously described. 

It is therefore evident that line SES is rendered TRUE 70 
after each word read from the ledger card is stored in 
the selected address in memory. Consequently, when line 
SES is subsequently rendered FALSE, it is necessary to 
ascertain whether or not there is an additional word to be 
magnetically read from the ledger card and subsequently 75 
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stored in memory. This is accomplished by the comparing 
of the contents of sections 3 and 4 of the instruction reg- 
ister for equality in the manner previously described with 
respect to FIG. 59. As before described, if equality exists 
between sections 3 and 4 of the instruction register, line 
(134)' is rendered TRUE; otherwise, line (134)' remains 
FALSE, If there is inequality between the contents of 
sections 3 and 4 of the instruction register, the first-order 
digit of the next word is magnetically read from the ledger 
card and stored in the "J" digit-register, as before, a "CM" 
\>,ord-cycie is again initiated, and the above-described se- 
quence of events is again repeated. If, however, there is 
equality between the contents of sections 3 and 4 of the 
instruction register, the state of flipfiop 6098 (FIG. 91A) 
is reversed when line SES is rendered FALSE, and, as a 
result, line ROS is thereby rendered TRUE. 

After the magnetic strip of the ledger card has been 
completely scanned by the pick-up heads, the card con- 
tinues to be driven into the carriage of the machine, with 
the forward edge thereof disposed furthermost in the 
cfmte 291 in the manner previously described with respect 
to FIG. 17. However, when the reversal spot (indicated 
as 376 in FIG. S8A), located in the top margin of the 
ledger card, passes over the junction of the members 371 
and 372 (FIG. 17), the radiant energy from the light 
source 373 is absorbed by the dark area thereof to the 
extent that the photocell PC3 is thus de-energized. With 
reference to FIG. 83, when photocell PCB is de-energized, 
the state of line B is r&ndered FALSE thereby. When 
line B is thus rendered FALSE, the state of flipfiop 6122 
is reversed, so that line P is rendered TRUE, line (P)', of 
course, being simultaneously rendered FALSE. 

When line (?)' is thus rendered FALSE, card-drive 
relay coil CDR is de-energized, and, as a result, relay 
contacts CDR — S are closed and thereby render line (U)' 
TRUE. With reference to FIG. 82, also when coil CDR 
is de-energized, relay contacts CDR — 1 and CDR — 2 are 
opened, whereas relay contacts CDR — 3 and CDR— 4 are 
closed, as shown, thus causing a reversal of subsequently- 
applied current through the armature of motor CDM and 
a subsequent reversal of rotation thereof. However, when 
line (P)' is rendered FALSE, card-drive motor CDM is 
de-energized by the output of gate 1770 simultaneously be- 
ing rendered FALSE, Vv'ith reference back to FIG. 83, 
when line (P)' is thus rendered FALSE, the state of flip- 
flop 6123 is reversed, so that card-drive brake solenoid 
CDB is enei-gizcd. Consequently, when solenoid CDS is 
energized, the ledger card is brought to a sudden standstill 
in the manner previously described with respect to FIG. 
14. However, approximately 120 milliseconds after sole- 
noid CDB is energized, flipfiop 6123 reverts back to its 
initial state, so that solenoid CDB is thereby de-energized. 
With reference to FIG. 82, when the state of flipfiop 
6122 (FIG. 83) is reversed, so that line P is rendered 
TRUE, line ECC is also rendered TRUE, thus indicating 
that the ledger card has been read. After the ledger card 
has been read, the card is first reversed and thereafter 
ejected from the carriage, or is thereafter properly posi- 
tioned in the carriage for a posting operation thereon, de- 
pending upon the value of the low-order digit in section 2 
of the instruction register. For example, with reference 
to FIG. 9 IB, if it is assumed that the low-order digit in 
section 2 of the instruction register is an "8," indicating 
that the ledger card is to be ejected, line (I6d)' is there- 
fore FALSE, and, as a result, the state of flipfiop 6094 
remains unchanged, so that line MOU, hence line RED, 
both remain TRUE. Therefore, with reference to FIG. 
82, when line (U)' is rendered TRUE due to the card- 
drive relay coil being de-energized, armature current is 
applied to card-drive motor CDM via gate 1771, so that 
the direction of rotation thereof is reversed, thus driving 
the ledger card outwardly from the carriage. 

When the reversal spot at the top margin of the ledger 
card leaves the junction of the leg members 371 and 
372 (FIG. 17), photocell PCB is again energized, and line 
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B (FIG. 83) is again rendered TRUE. Also, when the 
trailing edge of the ledger card passes over the aperture 
of the paper guide 303 on its way outwardly from the 
carriage, photocell PCC is de-energized, and line C is 
thus rendered FALSE. However, when the trailing edge 
of the ledger card passes over the junction of the leg 
members 371 and 372, photocell PCB is again de-ener- 
gized, and line B is again rendered FALSE, 

Consequently, with reference to FIG. 83, as all of the 
inputs to logical AND 1775 are simultaneously TRUE 
after the ledger card is ejected from the carriage onto 
the loading table, paper-guide motor PGM is thiis ener- 
gized and thereafter effects unlatching of the compression 
rolls 296 from the card-drive platen 241 in the same man- 
ner as previously described with respect to FIG. 19. After 
the unlatching operation is completed, movable arm 336 — 
339 (FIG. 83) is essentially deflected downwardly, as 
viewed, so that line E is rendered TRUE and line N is 
rendered FALSE thereby. When the state of line N is 
thus rendered FALSE, the state of flipflop 6122 is reversed, 
so that card-drive relay coil CDR is again energized. As 
a result of relay coil CDR thus being energized, contacts 
CDR — 5 are opened and thereby render line (U) ' FALSE, 
and contacts CDR— 1 through CDR— 4 (FIG. 82) revert 
to their initial conditions, as shown. In response to line 
(U)' thus being rendered FALSE, card-drive motor CDM 
(FIG. 82) and paper-guide motor PGM (FIG. 83) are 
both simultaneously de-energized. 

When the state of flipflop 6122 (FIG. 83) is reversed, 
so that line P is rendered FALSE, the state of line HOC 
(FIG. 82) is likewise rendered FALSE thereby. With 
reference to FIG. 916, when line EOC is rendered 
FALSE, indicating that the ledger card has been com- 
pletely ejected from the carriage onto the loading table, 
the output of gate 1I6I& experiences a TRUE-to^FALSE 
reversal of state. As a result, the state of flipflop 6094 is 
reversed, and lines MOU and RED are both rendered 
FALSE. With reference to FIG. 81, enter-card lamp 
EC is extinguished when line RED is thus rendered 
FALSE, thus providing a visual indication that no other 
ledger cards are to be fed into the computer at the present 
time. It is to be noted, however, that, while line RED 
is TRUE, enter-card lamp EC is illuminated each time 
photocell PCC is de-energized and is extinguished each 
time photocell PCC is energized. With reference now 
to FIG. 82, as it has been assumed that the numeral "8" 
is stored in the low-order digital position of section 2 of 
the instruction register, the state of line I6d, hence line 
CLC, is therefore TRUE. Consequently, when line 
(RED)' is rendered TRUE, carriage open-close solenoid 
Y is thus energized and thereafter effects closure of the 
accounting machine carriage in the same manner as 
previously described with respect to FIG. 38. During 
the carriage-closing operation, the lower compression 
rolls 288 (FIG. 17) are brought into engagement with 
the accounting machine platen 71, so that the movable 
arm of the switch 545 (FIG. 82) is returned to the posi- 
tion shown. As a result, solenoid Y is de-energized 
thereby. After the carriage is closed, the movable arm 
of switch 333 is thereafter in the position shown, so that 
line (D)' is thereby rendered TRUE and line D is ren- 
dered FALSE. With reference to FIG. 83, when line 
D is thus rendered FALSE, the state of flipflop 6124 is 
reversed, so that solenoid CHP is energized and there- 
after effects unlocking of the accounting machine car- 
riage in the manner previously described with respect to 
FIG. 29. However, approximately 40 milliseconds after 
the state of flipflop 6124 is initially reversed, its state 
reverts back to its initial condition, so that solenoid CHP 
is ithereby de-energized. As shown in FIG. 9 1 A, the state 
of flipflop 6118 is reversed and line WOA is rendered 
TRUE at TIME>-3 after line (D)' is rendered TRUE. 
When line (WO.^)' is thus rendered FALSE, the state 
of flipflop 6120- is reversed, so that line (RF)' is thereby 
rendered FALSE, However, approximately 25(1 mil- 
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liseconds thereafter, the state of flipflop 6120 reverts 
back to its initial condition, so that line (RF)' is rendered 
TRUE. 

Witli reference to FIG. 9]C, when line WOA is ren- 
dered TRUE, a selected one of motor bar solenoids ME0, 
MBl, or MB2 is energized, depending upon the value of 
the high-order digit stored in section 2 of the instruction 
register, all in the same manner as previously described 
in detail. Consequently, a selected one of the upper, mid- 
dle, or lower motor bars is automatically actuated and 
ibereby initiates a cycle of operation of the accounting 
machine portion of the computer. With reference to 
FIG. 72, when the accounting machine begins to cycle, 
the movable arm of switch 540 is deflected to the left, 
as viewed, so that line (NT)' is thereby rendered TRUE. 
There after, each lime the timing rack is translated from 
one digital value position to a successively higher-order 
digital value position, the state of flipflop 6G72 is reversed, 
so that line PCF experiences a TRUE-to-FALSE reversal 
of state, all of which has previously been described in 
detail with respect to the "EKW" instruction. Also, as 
previously described, a TRUE-to-FALSE reversal of state 
of line PCT effectively increments the F-counter by a 
count of "1." 

M'ith reference to FIG. 91A, after the F-counter 
reaches a count of "9," so that line F9 is TRUE, all the 
inputs to gate 1703 arc thereafter TRUE. As previously 
described with respect to FIG. 61, at TlME-1 after line 
PC is rendered TRUE by a reversal of state of flipflop 
6G'10, line AN experiences a TRUE-to-FALSE reversal 
of state. Thus, with reference back to FJG. 91A, the 
state of flipflop 6188 is reversed and line WOA is ren- 
dered FALSE when line AN is rendered Fj\LSE at 
TlME-1 after line F9 is rendered TRUE. When line 
\VO,'\ is thus rendered FALSE, the state of flipflop 61C7 
is reversed, so that line STD is rendered TRUE. 

With reference to FIG. 91B, when line STD is thus 
rendered TRUE, line TS5 is likewise rendered TRUE. 
Thereafter, in response to lines STD and TS5 being ren- 
dered TRUE, a "STD" subinstruction is executed where- 
by the contents of section 5 of the instruction register is 
stored in the word-selecting register, thus terminating the 
sequence of events initiated by the "ECW" instruction. 

It is to be noted that, if the numeral "6" had initially 
been stored in the high-order digital position of section 2 
of the instruction register indicating "no motor bar opera- 
tion," hne WOA (FIG. 9iA), after being initially ren- 
dered TRUE, remains TRUE for a period of approxi- 
mately 250 milliseconds and is thereafter rendered 
FALSE by a reversal of state of flipflop 61:18 due to line 
AN subsequently being rendered FALSE after line (RF)' 
is rendered TRUE by a reversal of state of flipflop 6120. 
Thus, v/hen line WOA is rendered FALSE in this in- 
.stance, line H6 being TRUE, the state of flipflop 6107 
is reversed, as before, so that line STD is thereby ren- 
dered TRUE. 

It will now be assumed that the ledger card, initially 
fed into the card-handling portion of the computer, is to 
be properly positioned in the accounting machine car- 
riage on the next posting line ready for a posting opera- 
tion thereon, rather than being ejected as just described. 
In this instance, the carriage of the machine is opened; 
the lower compression rolls are thereafter disengaged 
from the accounting machine platen; and the ledger card 
is manually placed face down on the loading table and 
thereafter automatically driven into the accounting ma- 
chine carriage in exactly the same manner as just de- 
scribed. After the data information is magnetically 
picked up from the magnetic strip portion of the ledger 
card and stored in the selected address or addresses in 
memory, the direction of rotation of the card-drive 
motor is again reversed, as before, and the ledger 
card is thereafter driven outwardly from the account- 
ing machine carriage in exactly the same manner as just 
described. However, as a line-Qnding operation is now 
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desired, so that the digit initially stored in the low-order 
digital position of section 2 of the instruction register is 
either one of the digits "I" through "3" and "5" through 
"7," the state of ilip flop 6054 (FIG. 91B) is reversed at 
TIME-1 after line EOC is rendered TRUE, indicating 
that the ledger card is completely scanned, due to a 
TRUE-to-FALSE reversal of state of the output of gate 
1611. Consequently, the states of lines IvlOU and R.ED 
are simultaneously rendered FALSE just after the initial 
forward direction of movement of the ledger card is 
reversed. 

With reference to FIG. 85, as the state of line (L)' is 
normally TRUE, the state of output line Q is likewise 
rendered TRUE by gates 1802 and 1811 when line 
(RED)' is rendered TRUE. Consequently, with refer- 
ence to FIG. 82, due to the fact that line Q is rendered 
TRUE simultaneously with line i being rendered FALSE 
when line MOU is rendered FALSE, the card-drive motor 
CDM remains energized and continues to drive the ledger 
card outwardly from the accounting machine carriage. 
As previously described with respect to FIG. 17, when 
the reversal spot at the top of the ledger card leaves the 
junction of the arms 371 and 372, the photocell PCB is 
energized by the light source 373. Also, as previously 
described with respect to FIG. 83, line B is rendered 
TRUE when the photocell PCB is energized. With ref- 
erence to FIG. 85, when line B is thus rendered TRUE, 
the lowermost reference input to flipfiop 6146, as viewed, 
is thereby rendered FALSE, and line M14 is simultane- 
ously rendered TRUE, \yhen the lowermost reference 
input to flipflop 6146 is thus rendered FALSE, the fiip- 
flop is thereafter properly conditioned to be responsive 
via line (R^)', to a predetermined one of the negative- 
going linefind impulses derived by lineflnd head 346 
from the information previously stored in the linefind 
channel of the magnetic strip portion of the ledger card. 

Consequently, each time a negative-going linefind im- 
pulse is derived by pick-up head 346 as the ledger card 
is being driven outwardly from the accounting machine 
carriage, the impulse appears amplified and inverted at 
the output of transistor gate 1306. As a result, the state 
of output line LFA experiences a FALSE-to-TRUE-to- 
FALSE reversal of state each time a linefind discon- 
tinuity is magnetically sensed by pick-up head 346. 

It is to be appreciated at tliis point that, when an 
"ECW" subprogram is first initiated, the R-counter is 
preset to a count of "1," "2," or "3," depending upon 
whether the ledger card is to be respectively positioned 
on the first, second, or third posting line. That is, if the 
low-order digit in section 2 of the instruction register 
is a "1" or a "5," the R-counter is preset to a count of 
"1"; if the lov/-order digit in section 2 is a "2" or a "6," 
the R-counter is preset to a count of "2"; and if the low- 
order digit is a "3" or a "7," the R-counter is preset 
to a count of "3," all of which is clearly illustrated in 
FIG. 68. 

As previously noted, a "0" in the low-order digital 
position of section 2 of the instruction register initiates 
a "enter-new-card-with-manual-resume-program" cycle of 
operation. 

If it is assumed that the lov/-order digit in section 2 
of the instruction register is a "7" — i.e., "stop on third 
linefind with automatic-resume-program" — the R-counter 
is preset to a count of "3," so that lines Ra and Rh 
(FIG. 68) are rendered TP^UE, whereas lines Re and 
Kd remain FALSE. 

With reference to FIG. 91B, each time the state of 
line LFA reverses from TRUE to FALSE in response to 
a linefind discontinuity being detected, the state of line 
DR likewise reverses from TRUE to FALSE. Conse- 
quently, the R-counter is decremented each time a line- 
find discontinuity is detected. Therefore, when the third 
linefind discontinuity is detected, the R-counter is dec- 
remented from a count of "1" to a count of "0," so that 
line R^ (FIG. 68) is thereby rendered TRUE. With ref- 



erence to FIG. 85, when the state of line (K(p), is ren- 
dered FALSE, the slate of flipflop 6146 is reversed, so 
that line (L)' is thereby rendered FALSE. As a result, 
line Q likewise is rendered FALSE. With reference to 
5 FIG. 82, as a result of line Q thus being rendered FALSE, 
the card-drive motor CDM is de-energized. Also, as 
shown in FIG. 83, when line (L)' is rendered FALSE, 
the state of flipflop 6123 is reversed, so that the card- 
drive brake solenoid CDB is energized for a period of 

10 approximately 120 milliseconds and thereby causes the 
ledger card to be brought to a sudden standstill. 

At this point, the ledger card is properly positioned 
with respect to the next posting line and is held tightly 
pressed against the card-drive piaten 241 (FIG. 19) by 

15 means of the compression rollers 296 in order to main- 
tain proper register thereof. In addition, the carriage 
is now open, so that additional for.ms may manually be 
inserted therein, if desired. With reference to FIG. 82, 
line EOC is likev/ise rendered FALSE when line (L)' is 

20 rendered FALSE. Due to the fact that line CLC is ren- 
dered TRUE as a result of an "automatic" resume-pro- 
gram operation being specified by the value of the low- 
order digit of section 2 of the instruction register, car- 
riage-close solenoid Y is energized when line (EOC)' is 

2.J thus rendered TRUE and thereafter causes the accounting 
machine carriage to be closed in the same manner as 
previously described. 

It is to be noted, however, that, if a manual resume- 
program is specified by the value of the low-order digit 

30 of section 2 of the instruction register, line CLC is ren- 
dered TRUE upon subsequent depression of the resume- 
program bar, at which time line RPB is rendered TRUE. 
During the carriage-closing operation, the lower com- 
pression rolls 21)8 (FIG. 17) are spring-urged into en- 

3,") gagcmcnt with the accounting machine platen 71, v/ith 
the lower edge of the ledger card firmly secured therebe- 
tween, and the movable arm of the switch 545 (FIG. 82) 
is deflected to the position shown, so that line (G)' is 
rendered TRUE and line G is rendered FALSE, thus caus- 

40 ing solenoid Y to be de-energized. When line (G)' is 
thus rendered TRUE, the paper-guide motor PGM is 
energized and thereafter effects unlatching of the com- 
pression rollers 296 (FIG. 19) from the card-handling 
platen 241. After the unlatching operation is completed, 

45 the paper guide 282 is spring-urged to the position shown 
in FIG. 17, and the switch "arm 336—339 (FIG. 82) is 
effectively deflected downwardly to the position shown, 
so that line E is rendered TRUE and line N is rendered 
FALSE thereby. Also, afier the unlatching operation is 

50 completed, the plunger of switch 333 (FIG. 16) is re- 
leased by the tail of member 329, so that the movable 
arm of switch 333 (see FIG. 82) is deflected to the posi- 
tion shown, so that line (D)' is rendered TRUE and line 
D is rendered FALSE thereby. When line D is thus 

55 rendered FALSE, the state of flipflop 6124 (FIG. 83) is 
reversed, and, as a result, carriage-home-unlock solenoid 
CHP is energized for a period of approximately 40 milli- 
seconds and thereby allows the accounting machine car- 
riage to thereafter be moved away from home position 

CO when a machine cycle is subsequently initiated. 

When line N is thus rende.red FALSE, the state of flip- 
fiop 6122 is reversed, so that line (P)' is rendered TRUE 
and card-drive relay solenoid CDR is simultaneously en- 
ergized thereby. As a result of solenoid CDR thus being 

65 energized, relay contacts CDR-S are opened and thereby 
cause paper-guide motor PGM to be de-energized. Simul- 
taneously therewith, relay contacts CDR-1 and CDR-2 
(FIG. 82) are closed, whereas relay contacts CDR-3 
and CDR-4 are opened thereby. With reference to FIG. 

70 91A, at the following TIME-3 after line (D)' is rendered 
TRUE, the slate of flipflop 6118 is reversed, so that line 
WOA is rendered TRUE thereby. As a result of hne 
WOA thus being rendered TRUE, the particular motor 
bar depression indicated by the value of the high-order 

75 digit in section 2 of the instruction register is initiated 
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in exactly the same manner as previously described in 
detail. 

After a machine cycle is initiated, the state of fiipflop 
6107 is reversed in the same manner as previously de- 
scribed, so that line STD is thereby rendered TRUE. 
As shown in FIG. 91B, when line STD is thus rendered 
TRUE, line TS5 is lilcewise rendered TRUE. Conse- 
quently, in response to lines STD and TS5 being rendered 
TRUE, a "STD" subinstruction is thereafter executed 
v.'hercby the contacts of section 5 of the instruction regis- 
ter is stored in the word-selecting register, thus terminat- 
ing the sequence of events initiated in accordance with 
an "ECW" subprogram. 

74. Delailed Description of SHF Instruction 

In executing a "shift" instruction, one of five possible 
subprograms is carried out, depending upon the value 
of the high and low order digits stored in section 2 of 
the instruction register. For example, if the number 
stored in section 2 of the instruction register is "00," a 
simple copy operation is carried out, whereby the word 
stored in memory at the address speciiied by the con- 
tents of section 3 of the instruction register is copied into 
the address in memory specified by the contents of sec- 
lion 4 of the instruction register; if the high-order digit 
stored in section 2 of the instruction register is a "2," the 
word stored in memory at the address specified by sec- 
tion 3 of the instruction register is shifted to the left by 
the number of digital positions specified by the value 
of the low-order digit stored in section 2 of the instruc- 
tion register, and, thereafter, the result is stored in the 
address in memory specified by section 4 of the instruc- 
tion register; if the high-order digit stored in section 2 
of the instruction register is a "3," the v/ord stored in 
memory at the address specified by section 3 of the in- 
struction register is shifted to the right by the number of 
digital positions specified by the vaUie of the low-order 
digit in section 2 and is rounded off to the nearest half- 
cent, and, thereafter, the result is stored in memory at 
the address specified by section 4 of the instruction regis- 
ter; if the high-order digit in section 2 of the instruction 
register is a "4," the word stored in memory at the ad- 
dress specified by section 3 of the instruction register is 
shifted to the right by the number of digital positions 
specified by the value of the low-order digit in section 2 
of the instruction register while preserving its alegbraic 
sign, and, thereafter, the v,'ord is stored in memory at the 
address specified by section 4 of the instruction register; 
and, if the high-order digit in section 2 of the instruc- 
tion register is a "5," the word stored in memory at the 
address specified by section 3 of the instruction register 
is shifted to the right by the number of digital positions 
specified by the value of the low-order digit in section 2 
of the instruction register, without preserving its algebraic 
sign, and, thereafter, the word is stored in memory at the 
address specified by section 4 of the instruction register. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107E, 
is a step-by-step description of the various previously- 
described subinstructions to which the computer is sequen- 
tially responsive in executing a "SHF" instruction. 



Step 



Step 


Subinstruc- 
tions 


DoRcriptiou 


1 

2 


MI-fl-2 

MA-3-3 


Copy thf^ next inr.taiH.ion %vord into Ihr- in- 
f4TurtioTi rofji^lor, tlin ndf"lro.--r> in nKiniory 
of llic noxt iir tnu^tion word btini? inditoled 
liy f]ie coTi!(>iit.s of the word-'elcotiPg register; 
lliorn'sft.er, if tho {-ontont.;-. thus rtorpd in p.cc- 
lion I of thfMnstrur'tiO'ii rc^istrri^ "O^j," c-arry 
out the subip-tructicn li^lrd in Glcp 2 of ihe 
f(t|!o\vir(r STTF Pubproizrnra. 

Cu\>y into a(Ulri'.^-s:-A tbc word rtorcd in iriem- 
ory n.t tlic pddn^ss [-^i^r-dnrcl by Frrtion 3 of 
tlio in?'*rtif:tion rc'rl-lor, iind, sinlL"!H^*7'('ou-)y 
tlvTowitii, copy Ibo v;ord dirit hy *^\-v\l into 
tlio ".1" disil-ri'{;iL-ter; ilii:uvLif:or, t;c 1.0 ;.\f.;j'3. 
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~ 3, 

4_ 

10 6- 

7- 

S. 

1-5 
9. 

10 

11 

20 12 
13 
14 
13 

25 16 
17 
18 

30 ,„ 



Suhin^truc- 

tions 



OBM(4)-0-4 

K<;6-6-lS 

II2-7-10 

II3-8-11 

II4-9-12 

IIS-0-14 

SA(l)-0-16.. 

Pa-I2-15.... 

OnM(2)-13- 

14. 
PK9-0-14._. 

SA(2)-0-16_. 

AHO~0-I2___ 

&B{L)-0-17.. 

DIl-0-5 

AM-1-19._... 

STD-o-' 



Description 



Preset llic .slate of line OBM to correspond to 
the tilgcbraic ?i^^n of tlic word just rs^ad from 
memory; t.hercaftcr, go to Slop 4. 

Pre'^et the K-eountcr to a count eorrespondinp 
to tlie low-order digit of section 2 of the in- 
struction register: tiicrcafier, go to ^tep 5. 

If the P-couuter is at a count of '*0," go to Step 
18; otherwise, go to Step 6. 

If the Iiigh-ordcr digit in section 2 of the In- 
strueiion register is a "2," go to Hlcp 10; 
otherwise, go to .Step 7. 

If the high -order digit in section 2 of the instruc- 
tion register is a "3," goto Step 11; otherwise, 
go to Step 8. 

If the high-order digit in section 2 of the in- 
struction register is a "4," go to Step 12; 
ottierv.dse, go to .Step y. 

If the high-order digit in section 2 of the in- 
struction register is a "5," go to St(sp 14. 

Shift tho word of address-A one place to the 
left; thereafter, go to Sttp 16. 

If the U-eountcr is at a connt of "1," go to 
Step 15: otherwise, go to Step 12. 

If the state of line OB.Vl is TRUE, go to Step 
14; olherwi'-e, go to Step 13. 

Prc.-et the "K" digit-register to "0"; thereafter, 
go to Step 14. 

Shift, the word of addrcPS-A one place to the 
right: thereafter, go to Step ifi. 

.Add the constant 0000000006 to the word stored 
in address-.A: theieaftcr, go to Step 12. 

Shift the word of addre.ss-B one place to the 
left; thereafter, go to Step 17. 

Decrement the E-counter; thereafter, go to 
Step h. 

Copy the word of addresa-A into memory at 
the address speciried by the contents of sec- 
tion 4 of tho instruction register: thereafter, 
go to Step 10. 

Copy tho contents of section .'i of the in.«truction 
register into the word-selecting register. 



Upon completion of the execution of the previously 
initiated "Ml" word-cycle, during which time the next 
instruction word is read out from the address in memory 
specified by the contents of the word-selecting register 
and thereafter stored in the instruction register, if the 
contents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "SHF" instruc- 
tion (i.e., "04"), the state of line SHF is rendered TRUE 
in the manner previously described with respect to FIG. 
56, and, as a result, a "shift" instruction is thereafter 
executed in the following manner: 

V/ith reference to FIGS. 93A and 93B, there is logi- 
cally illustrated therein a composite circuit diagram of 
particular portions of the computer circuitry utilized in 
executing a "SHF" instruction. With particular reference 
to FIG. 93B, at TlME-1 after the initiation of a "IWI" 
word-cycle, the state of flipflop 6095 is reversed and line 
OBM is rendered FALSE thereby. Upon completion of 
the "Mi" v/ord-cycle. the state of flipflop 60-91 is reversed 
due to a TPvUE-to-FALSE reversal of state of line MIN, 
and, as a result, the state of line MA is thereby rendered 
TRUE. Due to the fact that line TS3 is also rendered 
TRUE when line MA is rendered TRUE, a "MA" word- 
cycle is thereafter executed whereby the word stored 
in memory at the address specified by section 3 of the in- 
struction register is read out and stored in address-A. 
Simultaneously therewith, the word from memory is 
copied digit by digit into the "J" digit-register via gate 
1413 (FIG. 71), all in the manner previously described. 
Consequentiy, after the "MA" word-cycle is terminated, 
the "J" digit-register is storing the tenth-order digit of 
the word just read from memory. Upon completion of 
the "M.A." word-cycle, the state of flipflop 6091 is again 
reversed when line AN experiences a TRUE-to-FALSE 
reversal of state, and, as a result, line MA is thereby 
rendered FALSE. 

If the tenth-order digit thus stored in the "J" digit- 
register has a value other than "9," so that the line (J9)' is 
TRUE, indicating that the algebraic sign of the word just 
read from memory is positive, the state of flipflop 6695 
is reversed upon completion of the previously-initiated 
"MA" word-cycle, the R-counter having previously been 
reset to zero via a TRUE-to-FALSE reversal of state of 
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line PR(^ when line STD is rendered FALSE at the begin- 
ning of the "shift" subprogram. Consequently, line OBM 
is rendered TRUE thereby. !f, however, the tenth-order 
digit thus stored in the "J" digit-register has a value of 
"9," so that line (J9)' is FALSE, indicating that the alge- 
braic sign of the word is negative, the state of flipflop 
6095 remains unchanged, so that line OBM remains 
FALSE. It is evident, therefore, that line OBM is ren- 
dered TRUE if the algebraic sign of the word read from 
memory is positive and is rendered FALSE if the alge- 
braic sign of the v/ord read from memory is negative. 

Also, when the previously-initiated "MA" word-cycle 
is completed to the extent that line EG is rendered 
FALSE, the state of line RLR is likewise reversed from 
TRUE to FALSE. As a result of the state of line RLR 
being reversed from TRUE to FALSE, the low-order digit 
of section 2 of the instruction register is stored in the 
R-counter in the same manner as previously described 
v/ith respect to FIG. 68. Thus, if the R-counter is there- 
after storing a "0," indicating a "no shift" or copy opera- 
tion, the state of flipflop 6077 is reversed when line AN is 
subsequently rendered FALSE and line AM is thereby 
rendered TRUE. When line AM is rendered TRUE, line 
TS4 is likewise rendered TRUE. Consequently, in re- 
sponse to lines AM and TS4 thus being rendered TRUE, 
an "AM" word-cycle is thereafter executed whereby the 
word stored in address-A is copied into the memory ad- 
dress specified by the contents of section 4 of the instruc- 
tion register. If, however, the digit thus stored in the 
R-counter is other than "0," the word in address-A is to 
be shifted by the number of digital positions correspond- 
ing to the value of the digit stored in the R-counter. 

With reference to FIG. 93A, if it is assumed that the 
word in address-A is to be shifted to the left, as indicated 
by the state of line 112 being TRUE, the state of flipflop 
6101 is reversed when line AN is rendered FALSE, and, 
as a result, line SA is thus rendered TRUE. As previously 
described, when line S.A. is rendered TRUE, line DBD 
(FIG. 93B) remaining "FALSE," a "SA" subcommand 
is thereafter executed whereby the word in address-A is 
shifted to the left by one digital position. After the shift- 
ing operation is completed, the state of flipflop 6101 is 
reversed, and line SA is rendered FALSE thereby. When 
line SA is thus rendered FALSE, the state of flipflop 6103 
is reversed, so that line SB is rendered TRUE thereby. 
With reference to FIG. 93B, just prior to line SA being 
rendered FALSE, line DR is rendered FALSE upon occur- 
rence of the next succeeding TRUE-to-FALSE reversal 
of state of line AN and thereby causes the R-counter 
(FiG. 68) to be decremented by a count of "1." If, after 
being decremented, the R-counter is at a count other than 
"0," a second "SA" subcommand is thereafter initiated 
by a reversal of state of flipflop 6101 (FIG. 93 A), where- 
by the word in address-A is again shifted to the left by 
one digital position. Thereafter, the R-counter is again 
decremented, and a subsequent "SA" subcommand is ini- 
tiated if the R-counter, after being decremented for the 
second time, is still at a count other than "0." However, 
if, after being decremented, the R-counter i.s at a count 
of "0," so that line (R^)' is rendered FALSE, a subse- 
quently-initiated "SA" subcommand is thereby prevented. 

With reference to FIG. 93B, if the word originally 
stored in address-A is to be shifted to the right instead 
of to the left, so that the state of a selected one of lines 
FI3 through H5 is TRUE instead of line H2, line DBD is 
rendered TRUE each time line SA is rendered TRUE. 
Consequently, each time a "SA" subcommand is initiated, 
the word in address-A is shifted to the right by one digital 
position instead of to the left, in exactly the same manner 
as previously described in detail. However, it is again to 
be noted that a TRUE state of line H4 initiates a sequence 
of "SA" subcommands whereby the digit "9" is copied 
into the tenth-order digital position each time a negative 
word is shifted to the right by one digital position, thus 
preserving the algebraic sign of the word; a TRUE state 
of line H5, however, initiates a sequence of "SA" shift 
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rijht subcommands whereby the algebraic sign of the 
word is not preserved; and a TRUE state of line H3 ini- 
tiates a sequence of "SA" shift right subcommands where- 
by the word is first shifted to the right by one less than 
the number of shifts specified while preserving its alge- 
braic sign, and, thereafter, the constant 0000000005 is 
added thereto. Thereafter, the word is shifted by one 
more digital position. For example, if it is assumed that 
it is desired for the word to be shifted to the right by 
two digital positions and then rounded to the nearest half- 
cent (i.e., the contents of section 2 of the instruction reg- 
ister being "32"), the sequence of events for carrying out 
this particular shift instruction is as follows: 

Upon completion of ihc previously-initiated "MI" word- 
cycle, the state of fiipHop 6SS7 (FIG. 93E) is reversed, 
and line MA is thereby rendered TRUE. Lino MA. be- 
ing rendered TRUE, initiates a "MA" v/ord-cyc^e where- 
by the word stored in memory at the address specified by 
section 3 of the instruction register is read out and siored 
in address-A. Just prior to the termination of the "MA" 
word-cycle, the low-order digit of section 2 of the instruc- 
tion register — i.e., "2" — is stored in the R-counter. Thus, 
with reference to FIG. 93A, the output of gate 1671 ex- 
periences a TRUE-to-FALSE rcvors;!! of siato upon com- 
pletion of the previously-initiated "M.A." word-cycle. Con- 
sequently, the state of flipflop 6101 is reversed, and line 
SA is rendered TIILIE, so that a "SA" subcommand is 
thereafter executed, whereby the word in address-A is 
shifted to the right by one di.qilal position. After the 
shifting operation is completed, the siale of flipflop 6101 is 
reversed, and line SA is thereby rendered FALSE. When 
line SA is thus rendered FALSE, the state of flipilop 6103 
is reversed, so that line SB is thereby rendered TRUE. 
With reference to FiG. 93B, also when line SA is thus 
rendered FALSE, line DR is likov.isc re!)(lcrcd FALSE. 
Coniicquently, the R-counter is decremented from a count 
of "2" to a count of "I." As the R-counter is now at a 
count of "1," so that line Rl is TRUE, as the high-order 
digit in section 2 of the instruction register is a "3," so that 
line H3 is TRUE, and as line SB has just been rendered 
TRUE upon completion of the "SA" subcommand, the 
state of flipflop S078 is reversed upon occurrence of llie 
next TRUE-to-FALSE reversal of state of line AN. As a 
result, line ARO is thereby rendered TRUE. As previ- 
ously described, in response to line ARO thus being ren- 
dered TRUE, an "ARO" subcomm.and is thereafter exe- 
cuted whereby the constant OtK.'OOOitOOS is added to the 
w^ord in address-A. Upon completion of the "ARO" sub- 
command, the state of flipflop 6073 is reversed by a 
TRUE-to-FALSE reversal of state of line AN, and line 
ARO is thus rendered FALSE. With reference to FIG. 
93A, when line ARO is thus rendered FALSE, the state 
of flipflop 6101 is again reversed for the second time, so 
that a second "SA" subcommand is thereafter executed, 
v.'hereby the word in address-A is again shifted to the 
right by one digital position. Upon completion of the 
second "SA" subcommand, the state of flipflop 6101 is 
again reversed by a TRUE-to-FALSE reversal of state 
of line AN, and line SA is thereby rendered FALSE. 

V/tth reference to FIG. 93 B, just prior to line SA thus 
being rendered FALSE, line DR is rendered FALSE upon 
occurrence of the next successive TRUE-to-FALSE re- 
versal of state of line AN. As a result, the R-coanter 
is decremented from a count of "1" to a count of "0." 
With reference back to FIG. 93A, as the R-counter is 
now at a count of "0," so that line (R^)' is thus rendered 
FALSE, subsequently-initiated "SA" subcommands are 
thereby prevented. With reference now to FIG. 93B, 
upon occurrence of a subsequent TRUE-to-FALSE re- 
versal of state of line AN after line R0 is rendered TRUE, 
the state of flipflop 6077 is reversed, and line AM is 
thereby rendered TRUE, When line AM is rendered 
TRUE, line TS4 is likewise rendered TRUE, 

Conseqttently, in response to lines AM and TS4 thus 
being rendered TRUE, an "AM" word-cycle is thereafter 
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executed whereby the word in address-A is stored in 
memory at the address specified by the contents of section 
4 of the instruction register. Upon completion of the 
"AM" word-cycle, so that line AM is rendered FALSE by 
a reversal of state of flipflop 6077, the state of flipflop 
6107 is reversed, so that line STD is thereby rendered 
TRUE. When line STD is rendered TRUE, line TS5 
is likewise rendered TRUE. Consequently, a "STD" sub- 
instruction is thereafter executed whereby the contents 
of section 5 of the instruction register is stored in the 
word-selecting register, thus terminating the sequence of 
events executed in accordance with a "SHE" subprogram. 

75. Detailed Description of CMA Instruction 

In the execution of a "CMA" instruction, words of all 
zeros are stored in a predetermined number of addresses 
in memory, the first address in memory being specified by 
the contents of section 3 of the instruction register and 
the last address in the string of addresses being specified 
by the contents of section 4 of the instruction register. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the flow diagram of FIG. 107F, is a 
step-by-step description of the various previously described 
subtnstruclions to which the computer is sequentially 
responsive in executing a "CMA" instruction. 



step 


SubiiiEtruc- 
tions 


Description 


1 

2 

3 

4 

S 


MI-0-2 

CM-3-3^_ 

134 -l-S.. 

I:N4-0-2 

STD-5-» 


Copy the next Instruction word from incn'ory 
intE> the instruction register, the a'lftress in 
ineTiLory of tiie next itistruelioi) word ]>ein!^ 
in'licated by tite contents of tiie word-sclccti- 
ini^- re^^ister; thereafter, if the contents of Jfcc- 
tion 1 of the instruction register is "OS," 
carry out Step 2 of tlia following "CMA" 
subprotiran). 

Clear the address in memory specified by tho 
contents of section 3 of the Instruction reeister 
by writing all zeros therein; thereafter, go to 
Steii 3. 

If tlic contents of sections 3 and 4 of the instruc- 
tion rePister are eciual, go to Step S; otherwise, 
Ro to Step 4. 

Iinrcnient section 3 of tlic instruction rcpisler; 
then^after, ffo to Step 2. 

Copy tlie contents of section S of the instruc- 
tion register into the word-selecting register. 



Upon completion of the execution of the previously ini- 
tiated "ME" word cycle, during v/hich time the next in- 
struction word stored in memory at the address indicated 
by the contents of the word-selecting register is read out 
and stored in the instruction register, if the contents of 
section 1 of the instruction register thereafter corresponds 
to the code designation for a "CMA" instruction (i.e., 
"05"), the state of line CMA is rendered TRUE in the 
manner previously described with respect to FIG. 56, and, 
as a result, a "CMA" instruction is thereafter executed 
in the following manner: 

At TIME-4 after the "MI" word-cycle is substantially 
completed, line AN (FIG. 6!) is again rendered TRUE 
and ten microseconds later at TlME-1 is again rendered 
FALSE. V/ith refei-ence back to FIG. 76, when line 
AN is rendered FALSE upon completion of the "Ml" 
word-cycle operation, the state of flipflop 6092 is again 
reversed, and line Mf is rendered FALSE thereby, thus 
terminating the "Ml" v/ord-cycle operation. As pre- 
viously mentioned with respect to FIG. 72, as long as 
both of lines MI and AN are TRUE, line MIN is TRUE. 
Consequently, when lino AN is thus rendered FALSE, 
line MIN is likewise rendered FALSE. 

Reference is now made to FIG. 94, wherein there 
is logically illustrated a composite circuit diagram of 
various portions of the computer circuitry utilized in 
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executing a "CMA" instruction. As shown, when line 
MIN experiences a TRUE-to-FALSE reversal of state, 
the state of flipflop 6032 is reversed, and line CM is 
thereby rendered TRUE. When line CM is thus rendered 

5 TRUE, line TS3- is likewise rendered TRUE. Conse- 
quently, a "CM" word-cycle is thereafter executed 
whereby a word of all zeros is stored in the address 
in memory specified by section 3 of the instruction regis- 
ter in exactly the same manner as previously described. 

10 As previously described with respect to FIG. 59, if the 
contents of sections 3 and 4 of the instruction register 
are of equal magnitude, line (13-^)' is rendered TRUE; 
otherwise, line (!34)' is rendered FALSE. Thus, with 
reference back to FIG. 94, if it is assumed that line 
(134)' is FALSE, indicating that a successively higher- 
order address in memory is also to be cleared, the state 
of line CM remains TRUE. When line AN subsequently 
experiences a TRUE-to-FALSE reversal of state, line 
1N4 is rendered FALSE thereby, and, as a result, sec- 
tion 3 of the instruction register is incremented by a 
count of "!." Thereafter, a second "CM" word-cycle 
is executed, whereby a word of all zeros is stored in 
memory at the address now specified by section 3 of 
the instruction register. If it is now assumed that the 
contents of sections 3 and 4 of the instruction register 
are of equal magnitude, so that line (134)' is rendered 
TRUE, the state of flipflop 6082 is reversed by a sub- 
sequent TRUE-to-FALSE reversal of state of line AN, 
and, as a result, line CM is rendered FALSE thereby. 
When line CM is thus rendered FALSE, the state of 
flipflop 6107 is reversed, and h'nes STD and TS5 are 
both rendered TRUE. Consequently, a "STD" subin- 
struction is thereafter executed, whereby the contents of 
section 5 of the instruction register is stored in the word- 
selecting register, thus terminating the "CMA" subpro- 
gram. 
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76. Detailed Description of MS Instructions 

A "motor bar" instruction simply initiates selective 
depression of a predetermined one of motor bars 23, 
27, or 28 (FIGS. 2 and 38) for either a "touch" or a 
"hold" operation and thereafter immediately proceeds to 
the next instruction. As previously described, the par- 
ticular type of motor bar depression is determined by 
the value of the high-order digit of section 2 of the 
instruction register. For example, if the high-order digit 
of section 2 of the instruction register is a "0," upper 
motor bar 23 is actuated for a touch operation; if the 
value of the high-order digit is a "1," upper motor bar 
23 is actuated for a hold operation; if the high-order 
digit is a "2," middle motor bar 27 is actuated for 
a touch operation; if the high-order digit is a "3," mid- 
dle motor bar 27 is actuated for a hold operation; if 
the high-order digit is a "4," lower motor bar 2S is ac- 
tuated for a touch operation; and, if the high-order 
digit is a "5," lower motor bar 28 is actuated for a hold 
operation. Also, as previously described, the value of 
the low-order djait of section 2 of the instruction regis- 
ter determines tho position of the decim.al point when 
the word is subsequently printed out. For example, if 
the !ov/-order digit is a "0," a normal decimal point is 
printed between the second and third order digits of 
the word printed out; if the low-order digit is a "I," a 
decimal point in the form of a "comma" is printed be- 
tween the fifth and sixth order digits of the word printed 
out; if the low-order digit is a "2," a comma is printed 
between the eighth and ninth order digits of the word 
printed out. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107G, 
is a step-by-step description of the various previously 
described siibjnstnictions to which the coinputer is sequen- 
tially responsive in executing a "MB" instruction. 
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step 



Subinstruc- 
tlons 



Mr-0-2-. 



2 


PF*-0-3 


3 


QO-a-4 


i 


H.^6-5 


5 


MB.^(1)-0-10-, 


6- 


Ml-8-7 


7 


MBi<,(2)-0-16-- 


8 


112-10-9 


9 


MBl(l)-0-lC-- 


10 


113-12-11 


11 


MB1(2)-(H6.- 


12 


114^14-13 


13 


MB2(l)-0-16.. 


14 


ns-o-is 


15 


MB(2)-fi-16.__ 


16 


L1-18-1J 


17 


OnH)-20 


18 


L2-20-19 


19 


0112-0-20 


20 


PCT-0-21 


21 


AF-0-22 


22 


F9-20-23 


23 


STD-5-* 



Description 



Copy the next instruction word from meniory 
into the instruction register, tire address in 
memory of the next instruetion word T)s'ing 
indicated by ttic contents of tlie word- 
selectint; register; thereafter, if tl:e contents 
ofseetion 1 of the instruction register is" Ofi," 
BO to Step 2 of tlic following "MB" subpro- 
frrani. 

Preset the F-countcr to "0"; thereafter go to 
Step 3. 

Go to Step 4 wlienover depression of a motor 
bar is capable of iiLitiatinJ? a cycle of operation 
of the aceonntJBf? machine. 

If the blRh-order dij^it of section 2 of tl)e in- 
struction register is a"0," go to Step 5; other- 
wise, go to Step 6. 

Bepress the tipper motor bar for a touch opera- 
tion; thereafter, go to Step 1G. 

If the high-order digit of section 2 of the instruc- 
tion register is"l," go to Step 7; otherwise, go 
to Step 8. 

Depress the upper motor bar for a hold opera- 
tion; thereafter, go to Step 18. 

If the high-order digit of section 2 of the instnic- 
tion register is a "2," go to Step 9; otherwise, 
go to Step 10. 

Depress the mid^ile motor bar for a touch ojiera- 
tion; thereafter, go to Steii 10. 

If the high-order digit of section 2 of the instruc- 
tion register is a "3," go to Step U; otherwise, 
go to Step 12. 

Depress the middle motor bar for a liold opera- 
tion; tliereafter, go to St<;p IG. 

If the high-order digit of section 2 of the instri'c- 
t ion register is a "4," go to Step 13; otlierwise, 
go to Step 14. 

Depress the lower motor bar for a touch opera- 
tion; thereafter, go to Step Ifi. 

If the high-order digit of sect ion 2 of the instruc- 
tion register is a "5," go to Step 15. 

Depress the lower motor bar for a hold opera- 
tion; thereafter, go to Step IG. 

If the low-order digit of section 2 of the instnic- 
tion register is a"l," go to Step 17; otherwise, 
go to Step 18. 

When printing occurs, print a comma between 
the fifth and sixth order digits and, if there 
are no higher-order significant digits, print a 
zero i)receding the comma. Thereafter, go to 
Step 20. 

If tile low-order digit of section 2 of the instruc- 
tion register is a '*2," go to Step 19; otherwise, 
go to Step 20. 

When printing occurs, place a comma between 
the eightli and ninth order digits, and, if tliere 
are no higher-order signiricant digits, print a 
*'0" preceding the comma. Thereafter, go to 
Step 20. 

When the amount racks arc traveling in a 
"setting" direction, go to Step 21 each time 
the timing rack is translated to a dilTerent 
digital valued position and also when the 
printing aliffner is engaged. 

Increment the F-counter; thereafter, go to 
Step 22. 

If the F-countor is at a count of "9," go to Step 
23; otberwiso, go to Step 20; 

Copy the <:ontents of section 5 of the instruction 
register into the v.'ord-sclccting register. 



Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next 
instruction word is read out from the address in memory 
specified by the contents of the word-selecting register 
and thereafter stored in the instruction register, if the 
contents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "MB" instruc- 
tion (i.e., "06"), the state of line MB is rendered TRUE 
in a manner previously described with respect to FIG. 
56, and, as a result, a "motor bar" instruction is there- 
after executed in the following manner: 

With reference to FIG. 95, there is logically illus- 
trated therein a composite circuit diagram of particular 
portions of the computer circuitry utilized in executing 
a "MB" instruction. As shovi-n therein, upon comple- 
tion of the previously-initiated "MI" word-cycle, the state 
of flipflop 6089 is reversed when line MIN experiences 
a TRUE-to-FALSE reversal of state, and, as a result, 
the state of line KEY is rendered TRUE thereby. Also 
when line MIN is initially rendered TRUE, line PF^ 
experiences a TRUE-to-FALSE reversal of state, thus 
causing the F-counter (FIG. 72) to be preset to "zero." 
As previously described in detail, if it is assumed that 
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the accounting machine is in a condition such that ac- 
tuation of a motor bar is capable of initiating a cycle 
of operation thereof, line GO is rendered TRUE, in- 
dicating that a cycle of operation of the accounting ma- 
chine is permitted to be initiated at this time. It being 
assumed that line GO is TRUE, the state of flipflop 
6118 is reversed at TIME-3 after line KEY is rendered 
TRUE and line WOA is thereby rendered TRUE. When 
line WOA is rendered TRUE, a selected one of motor 
bar solenoids MB0, MBl, or MB2 is energized, de- 
pending upon the value of the high-order digit of sec- 
tion 2 of the instruction register. For example, if the 
high-order digit is either one of the digits "0" or "1," 
motor bar solenoid MB^ is energized; if the high-order 
digit is either one of the digits "2" or "3," motor bar 
solenoid MBl is energized, and, if the high-order digit 
is either one of the digits "4" or "5," motor bar sole- 
noid MB2 is energized thereby. As a result of a se- 
lected one of the upper, middle, or lower motor bar 
solenoids being energized, a cycle of operation of the 
accounting machine is thus initiated thereby. With ref- 
erence to FIG. 72, when the accounting machine begins 
to cycle, the movable arm of switch 540 is deflected 
to the left, as viewed, so that line (NT)' is thereby 
rendered TRUE. Thereafter, each time the accounting 
machine timing rack is translated from one digital val- 
ued position to a successively high-order digital valued 
position, the state of flipflop 6072 is reversed, so that 
line PCT experiences a TRUE-to-FALSE reversal of 
state in the same manner as previously described. Also 
as previously described, a TRUE-to-FALSE reversal of 
state of line PCT effectively increments the F-counter 
by a count of "1." 

With reference back to FIG. 95, after the F-counter 
reaches a count of "9," so that line F9 is rendered TRUE, 
the state of flipflop 6118 is reversed upon occurrence 
of the following TRUE-to-FALSE reversal of state of line 
AN, and, as a result, line WOA is rendered FALSE 
and thereby causes any previously-energized motor bar 
solenoid to be de-energized. 

When the F-counter first reaches a count of "8," so 
that line F8 is rendered TRUE, order-hook solenoid OHl 
is energized if the low-ordered digit in section 2 of 
the instruction register is a "1," whereas order-hook sole- 
noid 0H2 is energized if the low-order digit in section 
2 is a "2." As previously described with respect to 
FIG. 35, when order-hook solenoid OHl is energized, 
all order-hooks from the third to and including the eighth 
one are unlatched from their respective type sectors. 
However, when order-hook solenoid OHl is energized, 
all order-hooks from the third to and including the elev- 
enth one are unlatched from their respective type sectors. 

Also as shown, upper motor bar solenoid MBi^ is de- 
energized when the F-counter is advanced from a count 
of "0" to a count of "1," unless the high-order digit in 
section 2 of the instruction register is a "1"; middle 
motor bar solenoid MBl is de-energized when the F- 
counter is advanced from a count of "0" to a count 
of "1," unless the high-order digit in section 2 of the 
instruction register is a "3"; and lov/er motor bar sole- 
noid MB2 is de-energized when the F-counter is ad- 
vanced from a count of "0" to a count of "1," unless 
the high-order digit is a "5." It is evident, therefore, 
that either a touch or a hold operation of a particular 
motor bar is accomplished simply by maintaining the 
corresponding motor bar solenoid energized for a pre- 
determined period of time. However, as previously 
stated, Vifhen line WOA is subsequently rendered FALSE, 
any previously-energized motor bar solenoid is de-ener- 
gized thereby. After the F-counter reaches a count of 
"9," so that line F9 is rendered TRUE, the state of flip- 
flop 6107 is reversed when line WOA is thus rendered 
FALSE and line STD is rendered TRUE thereby. When 
line STD is thus rendered TRUE, line TS5 is likewise 
rendered TRUE. Consequently, a "STD" subinstruction 
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is thereafter executed whereby the contents of section 
5 of the instruction register is copied into the word- 
selecting register, thus terminating the sequence of events 
executed in accordance with a "MB" subprogram. 

77. Detailed Description of STP Instructions 

The "stop" instruction is utilized simply to effect cessa- 
tion of all computation and data-handling activity within 
the computer until the resume-program-bar is manually 
depressed. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107H, 
is a step-by-step description of the various previously de- 
scribed subinstructions to which the computer is sequen- 
tially responsive in executing a "STP" instruction. 



step 


Subinstruc- 
lions 


Dc\^cription 


1 

2 

3 


MI- 0-2 

RPB-0-3-- 

STD-5^* 


Copy the iiL^xt instnM'linii ^vord from inernory 
into tho inytriH'tion n';;isitcr. llie adclrci^s iti 
niemory of tbe v.Q\t iu^-truft-on word hcin^ 
indicatctl hy the contents of the word -ad<jct- 
iiif; ri'Si.'itcT; tlvreartiT, if tho contents ol sci-- 
tion 1 of the in.striietioil ri'frister is "0,'/' EO to 
Step 2 of the following stibprogram. 

Upon depression of the resimic-prnj-^rt^ni-bnr, 
Ko to Step 3. 

Copy the contents of section 5 of the iisstmet^on 
rej,nster into the word-selecting' register. 
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78. Detailed Description of ADD Instructions 

In executing an "add" instruction, any two words stored 
in memory addresses (/>4> through 99 are algebraically 
added together, and their sum is thereafter stored in any 
predetermined memory address. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107L 
is a step-by-step description of the various previously- 
described subinstructions to which the computer is se- 
quentially responsive in executing an "ADD" instruction. 



Upon completion of the execution of the previously 
initiated "iVII" word-cycle, during which time the next 
instruction word is read out from the address in memory 
specified by the contents of the word-selecting register 
and thereafter stored in the instruction register, if the 
contents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "STP" instruc- 
tion (i.e., "07"), the state of line STP is rendered TRUE 
in a manner previously described with respect to FIG. 
56, and, as a result, a "stop" instruction is thereafter 
executed in the following manner: 

With reference to FIG. 96, there is logically illustrated 
therein a composite circuit diagram of particular portions 
of the computer circuitry utilized in executing a "STP" 
instruction. As shown, when line STP is rendered TRUE, 
lamp HA is illuminated (see also FIGS. 1 and 2), thus 
giving a visual indication that depression of the resume 
program bar is necessary before any computation or 
data-handling activity will commence. As shown in FIG. 
38, when resume-program-bar RPB is depressed, the mov- 
able contacts of switch RPl — RP2 are actuated thereby. 
With reference now to FIG. 84, when the resume-pro- 
gram-bar is depressed, the normally-open contacts of 
switch RP2 are closed, and the normally-closed contacts 
of switch RPl are opened thereby. At TIME-1 after the 
contacts of switch RPl are thus closed, the state of flip- 
flop 6138 is reversed, so that line RP is rendered TRUE 
thereby. However, after the resume-program-bar is re- 
leased, so that the contacts of switches RPl and RP2 
resume their initial conditions, as shown, the state of 
flipflop 6138 is again reversed at TIME-1, so that line 
RP is rendered FALSE thereby. With reference to FIG. 
78, when line RP experiences a TRUE-to-FALSE reversal 
of state, tho state of flip-flop 6099 is reversed, and line 
RPB is thereby rendered TRUE. However, upon a sub- 
sequent TRUE-to-FALSE reversal of state of line AN, 
the state of flipflop 6099 is again reversed, so that line 
RPB is thereby rendered FALSE. With reference now 
to FIG. 96, when line RPB thus experiences a TRUE-to- 
FALSE reversal of state, the state of flipflop 6107 is re- 
versed, and line STD is rendered TRUE thereby. When 
line STD is thus rendered TRUE, line TS5 is likewise 
rendered TRUE, and, as a result, a "STD" subinstruc- 
tion is thereafter executed, whereby the contents of sec- 
tion 5 of the instruction register is copied into the word- 
selecting register, thus terminating the sequence of events 
executed in accordance with a "STP" subprogram. 



step 


Suhlnstruc- 
tjons 


Description 


15 

1 

20 2 

3 

25 

4 

30 5...... 


MI-0-3 

MA-2-3 

nAD-3-4 

AM-4-5 

STD-5-' 


Cojjy the next Instruction word from memory 
into the Instruction register, the address in 
metnory of the next Instruction word being 
indicated by tho contents of the word-sclect- 
inK register; thereafter, if the contents of sec- 
tion 1 of the Instruction register is "08," go to 
Step 2 of the foUowins subproirram. 

Coi)y into addrcss-A the \vord located In the 
address in laemory specined hy the contents 
of seetlon 2 of the instruction register, and 
sitriult-.ineously copy the word, digit ijy digit, 
into the "J" digit-register; thcrca'ter, go to 
Step 3. 

Add to the word stored in addrcss-A the word 
stored iu tlie address in memory specined by 
the contents of section 3 of tlie instruction 
register, and tliereatter store the sum baclc in 
address- A; thereafter, go to Step 4. 

Coi>y tho word of address-A into the address 
in memory specified by the contents of sec- 
tion 4 of the instruction register; thereafter, 
go to Step S. 

Copy the contents of section 5 of the instruc- 
tion resister Into the word-selecting register. 
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Upon completion of the execution of the previously- 
initiated "MI" word-cycle, during which time the next 
instruction word is read out from the address in memory 
specified by the contents of the word-selecting register 
and thereafter stored in the instruction register, if the 
contents of section 1 of the instruction register thereafter 
corresponds to the code designation for an "ADD" in- 
struction (i.e., "08"), the state of line ADD is rendered 
TRUE in a manner previously described with respect to 
FIG. 56, and, as a result, an "add" instruction is there- 
after executed in the following manner: 

Reference is made to FIG. 97, wherein there is logical- 
ly illustrated a composite circuit diagram of particular 
portions of the computer circuitry utilized in executing an 
"ADD" instruction. As previously described, upon com- 
pletion of the previously-initiated "MI" word-cycle, the 
state of line MIN experiences a TRUE-to-FALSE reversal 
of state. When line MIN is thus rendered FALSE, the 
state of flip flop 6891 is reversed and line MA is rendered 
TRUE thereby. When line MA is thus rendered TRUE, 
line TS2 is likewise rendered TRUE. Consequently, a 
"MA" word-cycle is thereafter executed, whereby the 

55 word stored in memory at the address specified by section 
2 of the instruction register is read out and stored in ad- 
dress-A. After the word is stored in address-A, line AN 
experiences a TRUE-to-FALSE reversal of state, so that 
the state of flip flop 6091 is again reversed and line MA 

60 is thereby rendered FALSE. When line MA is thus ren- 
dered FALSE, the state of flip flop 6097 is reversed, and 
line RAD is rendered TRUE thereby. When line RAD is 
thus rendered TRUE, line TS3 is likewise rendered TRUE. 
Consequently, a "RAD" subcommand is thereafter ex- 
ecuted, whereby the word stored in memory at the address 
specified by section 3 of the instruction register is added 
to the word just stored in address-A. Upon completion 
of the addition operation, line AN experiences a TRUE- 
to-FALSE reversal of state, so that the state of flip flop 
6097 is again reversed and line RAD is rendered FALSE 
thereby. As a result of line RAD thus being rendered 
FALSE, the state of flip flop 6077 is reversed, and line 
AM is thus rendered TRUE. When line AM is thus 
rendered TRUE, line TS4 is likewise rendered TRUE. 
Consequently, an "AM" word-cycle is thereafter executed- 
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whereby the sum now stored in address-A is copied into 
memory at the address specified by section 4 of the in- 
struction register. After the sum is properly stored in the 
designated address in memory, line AM is rendered 
FALSE, so that the state of flip flop 6107 is reversed and 
line STD is rendered TRUE thereby. When line STD is 
thus rendered TRUE, line TS5 is likewise rendered 
TRUE. As a result, a "STD" subinstruction is thereafter 
executed, whereby the contents of section 5 of the instruc- 
tion register is stored in the word-selecting register, thus 
terminating the sequence of events initiated by the "ADD" 
instruction. 

79. Detailed Description of SUB Instruction 

During the execution of a "subtract" instruction, a word 
stored in a predetermined address in memory is sub- 
tracted from a second word stored in a second prede- 
termined address, and the remainder resulting from the 
subtraction operation is thereafter stored in a third desig- 
nated address in memory. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the flow diagram of FIG. 107J, 
is a step-by-step description of the various previously-de- 
scribed subinstructions to which the computer is sequen- 
tially responsive in executing a "SUB" instruction. 



Step 


Subinstruc- 
tions 


Description 


1 

3 

4 

B 


MI-0-2 

MA-2-3. 

ESB-3-4 

AM-4-5 

STD-5-* 


Copy tlie next instruction word from memory 
into tlie Instruction rc'^ister, the a'klrcss iii 
memory of tlic next instruction word bcinK 
indicated by tiic contents of tlie worfi-select- 
ing register: tiiereaftcr, if tlie conients of sec- 
tion 1 of tiie instruction refjistcr is "09/' go 
to Step 2 of tile follawing sul)prof?ram. 

Copy into ad<lress-A the word from the address 
in memory .specified by tlie contenis of sec- 
tion 2 of the instruction register, and .simul- 
taneously eopy the word diijit by digit into 
tlie ".I" diE?it-r<>gister; thereafter, go to Step 3. 

Subtract tlie word stored in m^emory at tlic ad- 
dress specified l.iy the contents of section 3 of 
the, instruction register from Hie word just 
stored in addrcss-A, and thereafter store the 
remainder back in address-A; tliereafter, ^o 
to Step 4. 

Copy the word stored in address-A into mem- 
ory at the address specified hy tlie contents 
of section 4 of the instrU!;tion register; there- 
after, go to Step 5. 

Copy the contents of section 6 of the instruc- 
tion register into the word-selecting register. 



From a comparison of the flow diagrams relating to an 
"ADD" and a "SUB" instruction shown in FIGS. 1071 
and 107J, it is apparent that the two subprograms relat- 
ing thereto are substantially identical, the exception being 
that, when line SUB (FIG. 98) is rendered TRUE in 
order to initiate a "SUB" instruction, line SAS is likewi.se 
rendered TRUE. As previously described in detail with 
respect to the adder-subtracter shown in FIGS. 53 and 54, 
when line SAS is TRUE, a subsequently initiated "RAD" 
subcommand causes a subtraction mathematical operation 
to take place within the adder-subtractor unit rather than 
an addition mathematical operation, as before. Conse- 
quently, in view of the preceding detailed description of 
an "ADD" instruction, a detailed description of a "SUB" 
instruction would only result in undue repetition. 

80. Detailed Description of SUM Instructions 

In executing a single "SUM" instruction, a plurality of 
word stored in sequentially-numbered addresses in mem- 
ory are algebraically added together, and their sum is 
thereafter stored in a predetermined address in memory as 
specified by the contents of section 2 of the instruction 
register. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the flow diagram of FIG. 107K, 
is a step-by-step description of the various previously-de- 
scribed subinstructions to which the computer is sequen- 
tially responsive in executing a "SUM" instruction: 





Step 


Sul»instruc- 
tlons 


Description 




I 


MI-0-2 


Copy into the Instruction register the next in- 








struction word stored in memory at the ad- 
dress spcoifled by tlie contents of the word- 
selecting register; thereafter, it the contents 
of section 1 of the instruction register is ' ' 10," 
go to Step 2 of tlic following subprogram. 




2 


CA(1)-Ch3 


Clear address-.^; thereafter, go to Step 3. 




3 


RAD-3-4 


Add to the word in addre.ss-A the word stored 


JO 






in memory at the address specified by the 
contents of section 3 of the instruction regis- 
ter; thereafter, go to Step 4. 




4 


134-5-6 


It the memory addresses specified by the con- 
tents of sections 3 and 4 of the instruction 
register are equal, go to Step 6; otherwise, go 
to Step S. 


1,5 


6 


IN4-0-3 


Increment section 3 of the instruction register; 






thereafter, go to Step 3. 




6 


AM-2-7 


Copy the word stored in address-A into the 
address in memory specified by the contents 
of section 2 of the instruction register; there- 
after, go to Step 7. 




7 


STD-S-* 


Copy the contents of section 5 of the instruction 


20 






register into the word-selecting register. 
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Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next 
instruction word is read out from the particular address 
in memory specified by the contents of the word-selecting 
register and stored in the instruction register, if the con- 
tents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "SUM" instruc- 
tion (i.e., "10"), the state of line SUM is rendered TRUE 
in the manner previously described with respect to FIG. 
56, and, as a result, a "SUM" instruction is thereafter 
executed in the follov/ing manner: 

With reference to the composite logical diagram of a 
"SUM" instruction shown in FIG. 99, when line MIN is 
rendered FALSE upon completion of the previously- 
initiated "MI" word-cycle, the state of flipflop 6080 is 
reversed, so that line CA is thereby rendered TRUE. 
Consequently, a "CA" word-cycle is thereafter executed, 
whereby a word of all zeros is stored in address-A. 
When line CA is rendered FALSE by a subsequent change 
of state of flipflop 6080 upon completion of the just- 
initiated "CA" word-cycle, the state of flipflop 6097 is 
reversed, so that line RAD is thereby rendered TRUE, 
which, in turn, renders line TS3 TRUE. In response to 
lines RAD and TS3 being rendered TRUE, a "RAD" 
subcommand is thereafter executed, whereby the word 
stored in memory at the address specified by section 3 of 
the instruction register is algebraically added to the word 
in address-A. 

If it is assumed that the contents of sections 3 and 4 
of the instruction register are of unequal magnitude, indi- 
cating that there are additional words in memory to be 
added to the word in Siddress-A, hne (134)' is rendered 
FALSE in the manner previously described with respect 
to FIG. 59. Thus, when line AN is rendered FALSE 
upon completion of the previously-initiated "RAD" sub- 
command, the state of line IN4 is likewise rendered 
FALSE, while the state of flipflop 6097 remains un- 
changed. Consequently, section 3 of the instruction reg- 
ister is incremented by a count of "1," and thereafter a 
second "RAD" subcommand is executed. As a result, 
the word stored in memory at the second address now 
specified by the incremented contents of section 3 of the 
instruction register is also algebraically added to the 
word stored in address-A. If it is now assumed that the 
contents of section 3 of the instruction register, after 
being incremented, is equal to the contents of section 4 
thereof, line (134)' is rendered TRUE, thus indicating 
that there are no other words in memory to be added 
to the word in address-A. 

Therefore, when line AN is rendered FALSE upon 
completion of the execution of the second "RAD" sub- 
command, the state of flipflop 6097 is reversed, and line 
RAD is thereby rendered FALSE. When line RAD is 
thus rendered FALSE, the state of flipflop 6077 is re- 
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versed, so that lino AM is thereby rendered TRUE, 
which, in turn, renders line TS2 likewise TRUE. In re- 
sponse to lines AM and TS2 being rendered TRUE, an 
"AM" word-cycle is thereafter executed, whereby the 
word in address-A is copied into memory at the address 
specified by section 2 of the instruction register. 

Upon completion of the "AM" word-cycle operation, 
the state of line AM is rendered FALSE by a reversal 
of state of flipflop 6077. When line AM is thus ren- 
dered FALSE, the state of flipflop 6107 is reversed, and 
line STD is thereby rendered TRUE; line STD, thus 
being rendered TRUE, likewise renders line TS5 TRUE. 
In response to lines STD and TS5 being rendered TRUE, 
a "STD" subinstruction is thereafter executed, whereby 
the contents of section 5 of the instruction register is 
copied into the word-selecting register, thus terminating 
the sequence of operations executed in response to a 
"SUM" instruction. 

81. Detailed Description of APN Instructions 

In executing a single "APN" instruction, a plurality 
of pairs of words are algebraically added together, and 
their sums are thereafter stored in consecutively-num- 
bered addresses in memory. For example, if the "APN" 
instruction is directed toward the four words stored in 
memory addresses 11 through 14, so that "11" is stored 
in section 3 and "14" is stored in section 4 of the in- 
struction register, the word stored in address-ll is alge- 
braically added to the word stored in address- 14, and 
their sum is thereafter stored in address- 14. Thereafter, 
sections 3 and 4 of the instruction register are respec- 
tively incremented and decremented, after which the 
word stored in address-12 is algebraically added to the 
word stored in address-13, and their sum is thereafter 
stored in address-13. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107L, 
is a step-by-step description of the various previously- 
described subinstructions to which the computer is se- 
quentially responsive in executing an "APN" instruction: 



step 



2... 
3... 



Subiiii^truc- 
tions 



MW}-2 



RLP.-0-3-. 



i 


HAD-3-6 


5 


AM-4-8- 


6 


DR-0-7 - 


7 


K-8-10-- 


8 


IN4-0-9 


9 


DE2-0-3. 


10 


STD-5-' 



Description 



Copy into tlie instruction rcdytcr tlie no\"t 
instruction word stored in memory at Iho 
address specified by tlie contents of tiie word- 
selecting register; tliereaftcr, if the contents of 
section 1 of the instruction register is " 11," go 
to ytop 2 of tlie followinff subpro!:rr;ini. 

Preset the cotuit of the K-counter to porresjwnd 
to tlie low-order di5-it of section 2 of the 
instruction register; thereafter, ko to Step 3. 

Copy into address-A tlie word from the iufitres.s 
in memory as specified by the contents of 
section 4 of tlie instruction re'i:ister, anri, 
siiruiltaneoiisly therewith, copy (lie word, 
di:L'it by digit, intu the "J" di.cit-register; 
tliereafter, go to Str-p4. 

Add to the word stored in address-A the word 
stored in incriiory at the address spe,:ified liy 
sect ion 3 of the instruction register; thcreitfter, 
CO to Step S. 

Copy the word stored in address-A into iiieTn- 
ory at the address specified by the contents of 
section 4 of tiie instruction register; there- 
after, go to Step 6. 

Deerenient the Il-countcr; thcre.ifter, go to 
St^P 7. 

If the R-connter is at a count of "0," go to Step 
10; otherwise, go to .Step S. 

Increment section 3 of tlio instruction register; 
thereafter, go to Step 9. 

Decrement section 4 of the instruction register; 
thereafter, go to Step 3. 

Copy tlie contents of section 5 of tlu^ instruction 
register into the word-selecting rcidster. 



Upon completion of the execution of the previousSy 
initiated "MI" word-cycle, during which time tiie next 
instruction word is read out from the particular address 
in memory specified by the contents of the v/ord-selecting 
register and stored in the instruction register, if the con- 
tents of section 1 of the instruction register tliercsfter 
corresponds to the code designation for an "APN" in- 
struction (i.e., "11"), the state of line APN is rendered 



TRUE in the manner previously described with respect 
to FIG, 56, and, as a result, an "APN" instruction is 
thereafter executed in the following manner: 

With reference to FIG. 100, wherein there is illustrated 

5 a logical diagram of the particular portions of the com- 
puter circuitry utilized in executing an "APN" instruction, 
when line MIN is rendered FALSE upon completion of 
the previoLisiy-initiated "Ml" word-cycle, the states of 
flipflops 6891 and 60S8 are simultaneously reversed, 

10 whereby lines MA and JHR are respectively rendered 
TRUE thereby. When line JHR is thus rendered TRUE, 
line RLR is likewise rendered TRUE. However, at TIME- 
1 after line JHR is rendered TRUE, the state of flipflop 
C08S is again reversed, so that lines JHR and RLR are 

15 both rendered FALSE thereby. As a result of line RLR 
thus experiencing a TRUE-to-FALSE reversal of state, 
the Pv-counter is preset to a count corresponding to the 
value of the low-order digit of section 2 of the instruc- 
tion register in the same manner as previously described 

20 with re.spect to FiG. G8. As is evident, the count of the 
R-counter is thereafter indicative of the number of word- 
pairs to be added. As line TS4 is likewise rendered TRUE 
when line MA is initially rendered TRUE, a "MA" word- 
cycle is thereafter executed, whereby the word stored in 

25 memory at the address specified by section 4 of the in- 
struction register is read out and thereafter stored in 
address-A. 

Upon completion of the "MA" word-cycle, the state 
of flipflop 5091 is again reversed, and line MA is thereby 

30 rendered FALSE. When line MA is thus rendered 
FALSE, the state of flipflop 6097 is reversed, and line 
P.AD is thereby rendered TRUE, which, in turn, renders 
line TS3 likewise TRUE. In response to lines RAD and 
TS3 thus being rendered TRUE, a "RAD" subcommand 

35 is thereafter executed, whereby the word stored in memory 
at the address specified by section 3 of the instruction 
register is added to the word stored in address-A. Upon 
completion of the "RAD" subcommand, the state of 
flipflop 6097 is again reversed., and line RAD is thereby 

'30 rendered FALSE. However, just prior to completion 
of the previously-initiated "RAD" subcommand, line DR 
experiences a TRUE-to-FALSE reversal of state and 
thereby causes the R-counter to be decremented by a 
count of "1." 

43 When line RAD is rendered FALSE, the state of flip- 
flop 6077 is reversed, so that line AM is thereby rendered 
TRUE. Line AM, being rendered TRUE, likewise ren- 
ders line TS4 TRUE. Thus, in response to lines AM and 
TS4 being rendered TRUE, an "AM" word-cycle is there- 

50 after executed whereby the word in address-A is stored 
in memory at the address specified by section 4 of the 
instruction register. Upon completion of the "AM" word- 
cycle, the state of flipflop 6077 is again reversed, so that 
line AM is thereby rendered FALSE. When line AM is 

55 thus rendered FALSE, lines IN4 and DE2 are likewise 

rendered FALSE, Consetjucntly, sections 3 and 4 of the 

instruction register are respectively increinented and dec- 

reiTiented by a count of "1," 

If, after being decremented, the R-counter is at a 

eo count other than "0," indicating that there are additional 
word-pairs to be added, the state of flipflop 6091 is again 
reversed when line AM is subsequently rendered FALSE, 
and, as a result, line MA is again rendered TRUE for 
the .second time. Thereafter, the above-described se- 

05 quence of events is sequentially repeated until the R- 
counter is decremented to a count of "0," indicating that 
there are no other word-pairs to be added. VWen the R- 
counter reaches a count of "0," so that line R^ is ren- 
dered TRUE, the state of flipflop 6107 is reversed when 

70 line AM is subsequently rendered FALSE and line STD 
is thereby rendered TRUE, Line STD, being rendered 
TRUE, likewise renders line TS5 TRUE. Thus, in re- 
sponse to lines STD and TS5 being rendered TRUE, a 
"STD" subinstruction is thereafter executed, whereby the 

75 contents of section 5 of the instruction register is copied 



201 



3,112,394 



202 



into the word-selecting register, thus terminating the se- 
quence of operations executed in response to initiation 
of an "APN" instruction. 

82. Detailed Description of MUS Instructions 

The subprogram for a "multiply-and-shift" instruction 
essentially comprises five distinct steps or phases. Dur- 
iflg the first phase, the algebraic signs of the multiplier 
and of the multiplicand are determined, and the uncom- 
plemented absolute values of the two factors are thereafter 
derived and stored back in memory at the original ad- 
dresses thereof. The second phase of the "MUS" sub- 
program is concerned with the actual multiplication of 
the two factors. During the multiplication phase, the 
ten-decimal-digit multiplicand is multiplied by the ten- 
decimal-digit multiplier, and a twenty-decimal-digit prod- 
uct is derived therefrom. As previously described in de- 
tail, a multiplication mathematical operation is carried 
out by the present computer by the process of repeated 
additions. That is, the multiplicand is essentially added 
to a twenty-digit product accumulator by the number of 
times specified by the value of the first-order multiplier 
digit, the product accumulator initially having been preset 
to zero. Thereafter, the thus-derived product is effec- 
tively shifted within the accumulator by one digital posi- 
tion to the right, and the multiplicand is again added 
to the thus-derived product by the number of times speci- 
fied by the value of the second-order multiplier digit. The 
product is again shifted one digital position to the right, 
and successive additions with respect to the third-order 
multiplier digit are thereafter effected, and, so on, with 
respect to the remaining higher-order multiplier digits. 
Thus, upon completion of the multiplication operation, a 
twenty-decimal-digit product appears in the product ac- 
cumulator, which essentially comprises addresses A and 
B operatively connected end to end. 

During the third phase of the subprogram, the twenty- 
digit product is shifted in the direction and by the number 
of digital positions indicated by the contents of section 2 
of the instruction register. The fourth phase of the sub- 
program is concerned with the copying of the ten low- 
order digits of the twenty-digit product back in memory 
at the address specified by section 4 of the instruction 
register. Due to the fact that the absolute value of the 
product is stored in memory at this particular time, the 
fifth and final phase of the subprogram is concerned with 
determining the algebraic sign of the product and there- 
after complementing the product in the event its algebraic 
sign is negative; however, in the event the sign of the prod- 
uct is positive, the product is not complemented. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the i!ow diagram of FIG. 107N, is a 
step-by-step description of the various previously-described 
subinstmctions to which the computer is sequentially re- 
sponsive in executing a "MUS" instruction. 



step 
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11_ 

12. 



14. 

15. 
16. 

17. 

18. 

25 

19. 



34.. 

35.. 

36.. 
55 3j,_ 



Step 



8, 

6. 

7. 



Subinstruc- 
tioiis 



Ml-fr-; 



rF*-'0-3- 
PTli*-0-4- 
MA-3-0.. 



OBM(4)-0-n 

OBM(2)-7-8. 
CPA-0-8 



Bescription 



Cojiy into tho instnietian re^L'^tor tho next 
instruction word storod in ii emery rtt tltii 
a(Ulr<!S-s sppcifioi-l l>y the eontont.s of tlip word- 
pclectint; rcfrister; thereafter, if tlic contents of 
stiction 1 of the instruction re^isttr is "13," 
ffo to Stejt 2 in tlio foilowin!^' stibpros-Ttiiri. 

Pre.'^ct tile F-coiuiter to "0"; thcroafter, t,^o to 
Step 3. 

Pri'Bct the rt-counter to "0"; thereafter, ro (o 
Ste|) 4. 

Copy the word froTi memory into addrc;;s-A 
and, pi:nultaneousiy tisereudth, copy t]:e 
word di?it lay di!dt into the " V disit-rer-i'^ter, 
the address of tlio wor<l in niej^^ory Ijcdiat,' 
speeificii by section .'i of tlic instruction rc.s'is- 
ter; thereafter, l^o to S!i*p f,. 

Preset Hie state of line Of^.M to eorrcsiiond to 
algebraic sipn of tlie vrord just read from mem- 
ory tiiereafter, go to SIpd 6, 

If the stite of line OB.M is TRUE, go to Ste'i 
R otherwise, go to Steji 7. 

Complement the word in nddross-A tiiereaflcr, 
go to Stei) 8. 



CO 



38. 
39-. 
40., 
41.. 
42., 



65 



44. 

4.5-, 
46. 



70 



Suiiinstruc- 
tions 



CB-n-9 

AM-n-10.. 



RS-ll-lB.. 
Pn,8-0-12. 
MA-1-13., 



OBN(4)-0-H. 



Jfl-S-7 



nA(l)-0-16.. 
PE*-0-17... 



30 


20 




21 




22 


35 


23 




24 




26 




26 


40 


27 




28 




29 


45 


30 




31 




33 


50 


33 



113-32-3.5.. 



1I4-0-3B 

S,A(l)-0-34. 
SB(l)-0-'10. 
El-35-38... 
.SA(2)-0-37., 
SB (2) -0-40., 
DAD-0-39., 
ARO-0-3f>.. 
DR-0-2i) 



0BMr2)- 

42-13 
OP-M-3-43 



BM-4-44.... 



PRS-O-dS... 

oim(i)- 

46-47 
CP.M-4-47.. 



STD-5- 



Doscription 



AD{1)-D-13. 
IFD-20-19.. 

RLM-3-20.. 



D9-17-21.. 
Ils4-22-24.. 
BAD-4-23. 

DR-<1-21.. 
SA(2)-fl-25 
SB(2)-0-2l> 
AF-0-27._. 
F10-17-2S.. 
KLIl-0-2fl. 

R5i-30-41... 
n2-31-33... 



Clear address-B thereafter, go to Step 9. 
Copy the word stored in address-A into mem- 
ory at tlio address specified by section n of 
the instruction rci^btcr, "h" being a "3" if 
tile ii -counter is at a count of "0," and bcini^ 
a "4" if the R-coimlcr is at a count of "8" 
thereafter, go to Step 10. 
If tho R-countcr is at a count of "8," go to Step 

15 otherwise, go to Step 11. 
Preset tho R~cotmtor to "8" tliereaftcr, go to 

Step 12. 
Copy the ^vord from metnory into address-A 
and. simultaneously therewith, copy tlie 
word digit by d iglt into the "J " digit register , 
the address of the word in memory lacing 
specified liv section 4 of the instruction regis- 
ter; thereafter, Ro to Step 13. 
Preset the state of line OBN TRUE if the alge- 
braic sign of the word just read from memory 
corresponds to the state of line OliM: other- 
wise, preset the state of lino OBN FALSE; 
thereafter, go to Step 14. 
If tlie dirit stored in the ".T" digit-register is a 

"9, " go to Step 7; other\Wsc. go to Step 8. 
Clear address-A; thereafter, to to Step 16. 
Preset the E-coinitcr to "0"; thereafter, go to 

Stei) 17. 
Increment the digit-counlcr; thereafter, go to 

Step 18. 
If the dtirit stored in the F-counter is equal to 
the digit stored in tho digit-counter, go to 
Step 10; oilicrwise, go to Step 20. 
Preset the K-coiintcr to a coimt corresponding 
to tlie yaluo of the digit whose digital order 
is siieeified by the F-cotinter and \\'hose 
address in memory is specified liy section 3 
of the instruction register; thereafter, go to 
Step 20, 
If tlie digit-counter is at a coimt of "9," go to 

Step 21; otherwise, go to Step 17. 
If 1,1)0 3l-c<nmter is at a count of "0", go to 

Step 24; otherwise, go to Step 22. 
-^-dd to the word stored in addre.ss-A tho word 
stored in memory at the address specified by 
section 4 of the instruetion register; thereafter, 
go to Step 23. 
Decrement the R-counter; thereafter, go to 

Step 21. 
Shift the word of address-A one place to the 

right; thereafter, go to Step 25. 
Shift the word of address-B one place to the 

righl; thereafter, go to Step 2R. 
Increment the P-counter; thereafter, go to 

Step 27. 
If the F-cor.nter is at a count of "10," go to 

Step 28; otherwise, go to Step 17. 

Preset the R-counter to a count correspotlding 

to the low-order digit of .section 2 of ttic in- 

struetion rcpi.tcr; thereafter, go to Step 29. 

If the ll-coumer is at a count of "0" go to 

Step 4] ; otherwise, go to Steii 30. 
If the liigb-order digit of section 2 of the instruc- 
tion register is a "2," go to Step 33; otherwise, 
goto Step 3!. 
If tlio hich-order digit of .section 2 of the instruc- 
tion register is a "3," go to Step 35; otherwise, 
go to Step 32. 
If the liigh-order digit of section 2 of the instruc- 
tion register is a "4," go to Step 30. 
Shift tlio word of address-.'L one place to tho 

left; lliereaftcr, go to Step 34. 
Shift the word of address-B one place to the 

left; thereafter, go to Step 40. 
If the Iv-counler is at a count of "I," go to 

.'-lep 38; ollicrwise, go to Step 36. 
Shift tlie word of address-.^, one place to the 

ridii; tliereafter, go to Slop 37. 
Shift tlie word of address-B one place to tlie 

ri'-'ht; theroatier, go to Step 40. 
.Add the constant 0000000006 to the word stored 

in address-B; thereafter, to go to Step 39. 
.\dd a word of all zeros to address-A; there- 
after, go to Step 3B. 
Decrement the R-counter; thereafter, go to 

Step 29. 
If tiic state of line OBM is TRUE, go to Step 

43; othcrwi-e. go to Step 42. 
Complement the word stored in memory at 
the address siiclfied by section 3 of the in- 
struetiiia regisier; thereafter, go to Step 43. 
Copy tho word of address-K into memory at 
the address speeified by section 4 of the in- 
struction register; thereafter, go to Step 44. 
Pre et the ]l-countcr to a count of "8"; there- 
after, go to Step 45. 
If tho state of line OBN is TRUE, go to Step 

47; otherwise, go to Step 46. 
Complement ttie word stored in memory at 
the address siieciiied by section 4 of tlie in- 
stru'-tion register; thereafter, go to Step 47. 
Copy the eon tents of section .5 of the instruetion 
regi-ter into the word-s«leeting register. 



Upon completion of the execution of the previously 
75 initiated "Ml" word-cycle, during which time the next in- 
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struction word is read out from the particular address 
in memory specified by the contents of the word-selecting 
register and stored in the instruction register, if the con- 
tents of section 1 of the instruction register thereafter 
corresponds to the code designation for a "IViUS" in- 
struction (i.e., "13"), the state of line MUS is rendered 
TRUE in the manner previously described with respect 
to FIG. 56, and, as a result, a "MUS" instruction is there- 
after executed in the following manner: 

With reference to FIGS. 102A through 102C, there is 
illustrated therein a composite logical diagram of various 
portions of the computer circuitry utilized in executing a 
"IvlUS" instruction. With particular reference to FIG. 
102B, at TIME-1 after line MI is rendered TRUE at the 
beginning of the previously-initiated "MI" word-cycle, the 
states of flipflops 6095 and 6096 are reversed, so that 
lines OBM and OBN, if not already FALSE, are respec- 
tively rendered FALSE thereby. Upon completion of the 
previously-initiated "MI" word-cycle, line PF^ experiences 
a TRUE-to-FALSE reversal of state when line MIN is 
rendered TRUE. Consequently, when line PF^ is thus 
rendered FALSE, the F-counter is thereby caused to bo 
preset to "0'." Also as a result of line MIN thus being 
rendered FALSE, the state of flipflop 6091 is reversed, 
so that line MA is thereby rendered TRUE. With refer- 
ence to FIG. 79, the state of flipflop 6107 is reversed at 
the beginning of the previously-initiated "MI" word-cycle 
when line (MI)' is thus rendered FALSE, so that line STD 
is rendered FALSE thereby. With reference back to FIG. 
102C, when line STD is thus rendered FALSE, line PR0 
is likewise rendered FALSE, so that the R-counter is 
thereby caused to be preset to "0." 

With reference to FIG. 102A, as the R-counter is now 
at a count of "0," so that line K<t> is TRUE, line TS3 is 
likewise rendered TRUE when line MA is initially ren- 
dered TRUE. As a result of lines MA and TS3 being 
rendered TRUE, a first "MA" word-cycle is thereafter 
executed, v/hereby the multiplier word stored in the ad- 
dress in memory specified by the contents of section 3 
of the instruction register is read out and stored in address- 
A. Simultaneously therewith, the multiplier word just 
read out from memory is copied digit by digit into the 
"J" digit-register. Upon completion of the "MA" word- 
cycle, the state of flipflop 6091 (FIG. 102B) is again 
reversed, so that line MA is rendered FALSE thereby. 
If, upon completion of the just-executed "MA" word- 
cycle, the algebraic sign of the multiplier word just read 
from memory is negative, so that the tenth-order digit 
thereof stored in the "J" digit-register is a "9," the state 
of line OBM remains FALSE. However, if the tenth- 
order digit stored in the "J" digit-register has a value 
other than "9," the state of flipflop 6095 is reversed upon 
completion of the "MA" word-cycle, and line OBM is 
thereby rendered TRUE. TTius, it is evident, the state 
of line OBM is rendered TRUE if the algebraic sign of 
the multiplier word is positive and is rendered FALSE if 
the algebraic sign of the multiplier word is negative. 

If the algebraic sign of the multiplier word just read 
from memory is negative, so that line J9 is rendered 
TRUE, the state of flipflop 6083 is reversed upon com- 
pletion of the previously-initiated "MA" \vord-cycle, and 
line CPA is thereby rendered TRUE. As previously de- 
scribed, when line CPA is rendered TRUE, a "CPA" sub- 
command is thereafter executed, whereby the multiplier 
woi-d stored in address-A is first read out and comple- 
mented, and, thereafter, the absolute negative value there- 
of is stored back in address-A. Upon completion of the 
"CPA" subcommand, the state of flipflop 6083 is again 
reversed, and line CPA is thereby rendered FALSE. It 
is to be noted that the state of flipflop 6081 is reversed 
and line CB thereby rendered TRUE, either upon com- 
pletion of the first "MA" word-cycle if the algebraic sign 
of the multiplier word is positive, or upon completion of 
the subsequently-initiated "CPA" subcommand if the 
algebraic sign of the multiplier word is negative. In either 
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event, in response to line CB thus being rendered TRUE, 
a "CE" word-cycle is thereafter executed, whereby a word 
of all zeros is stored in address-B. Upon completion of 
the "CE" word-cycle, the state of flipflop 6081 is again 
reversed, so that line CB is thereby rendered FALSE. 

With reference to FIG. 102A, in response to line C5 
thus being rendered FALSE, the state of flipflop 6077 
is reversed, and line AM is rendered TRUE thereby. 
Line AM being rendered TRUE likewise renders line 
TS3 TRUE. Consequently, in response to lines AM 
and TS3 being rendered TRUE, an "AM" word-cycle is 
thereafter executed, whereby the absolute value of the 
multiplier word stored in address-A is read out and 
stored in m.emory at the address specified by the con- 
tents of section 3 of the instruction register. Upon com- 
pletion of the "AM" word-cycle, the state of flipflop 6077 
is again reversed, so that line AM is rendered FALSE 
thereby. As shown in FIG. 102B, line PR8 is also ren- 
dered FALSE as a result of line AM thus being rendered 
FALSE. Line PRS thus being rendered FALSE causes 
the R-counter to be preset to a count of "8." Also, 
wlien line AM is thus rendered FALSE, the state of 
flipflop 6091 is again reversed, so that line MA is rendered 
TRUE for the second time. However, as the R-counter 
is now at a count of "E," so that line R8 is TRUE, line 
TS4 (FIG. 102C) is likewise rendered TRUE when line 
MA is rendered TRUE. In response to lines MA and 
TS4 thus being rendered TRUE, a second "MA" word- 
cycle is thereafter executed, v/hereby the multiplicand 
word stored in memory at the address specified by the 
contents of section 4 of the instruction register is read 
out and stored in address-A. Simultaneously therewith, 
the multiplicand word just read out from memory is 
copied digit by digit info the "J" digit-register. 

Upon completion of the second "MA" word-cycle, 
the state of flipflop 6091 (FIG. 102B) is again reversed, 
so that line MA is rendered FALSE thereby. If, upon 
completion of the execution of the second "MA" word- 
cycle, the algebraic sign of the multiplicand word just 
read out from memory (as indicated by a TRUE state of 
line 19 if negative and a TRUE state of line (19)' if 
positive) corresponds to the algebraic sign of the mul- 
tiplier word (as indicated by a TRUE state of line OBM 
if positive and a TRUE state of line (OBM)'), the state 
of flipflop 6096 is reversed, so that line OBN is rendered 
TRUE, indicating that the algebraic sign of the product 
is positive. However, if such correspondence does not 
exist, the state of line OBN remains FALSE, indicating 
that the algebraic sign of the product of the two factors 
is negative. 

In addition, if the algebraic sign of the multiplicand is 
negative, so that line 19 is rendered TRUE, the state of 
flipflop 6083 is reversed upon completion of the previous- 
ly initiated "MA" word-cycle, and line CPA is thereby 
rendered TRUE. As previously described, v/hen line 
CPA is rendered TRUE, a "CPA" subcommand is there- 
after executed, whereby the word stored in address-A 
is read out and complemented, and, thereafter, the ab- 
solute negative value thereof is stored back in addrcss-A. 
Upon completion of the "CPA" subcommand, the state 
of flipflop 6083 is again reversed, and fine CPA is thereby 
rendered FALSE. It is again to be noted that the state 
of flipflop 6331 is reversed and line CB thereby rendered 
TRUE, either upon completion of the second "MA" 
word-cycle if the algebraic sign of the multiplicand is 
positive, or upon completion of the "CPA" subcom.mand 
if the alegbraic sign of the multiplicand is negative. In 
either event, in response to li.ne CB thus being rendered 
TRUE, a "CB" word-cycle is thereafter executed, where- 
by a word of all zeros is stored in address-B. Upon 
completion of the just-initiated word-cycle "CB", the 
state of flipflop 6S81 is again reversed, so that line CB 
is thereby rendered FALSE. With reference to FIG. 
102A, when line CB is thus rendered FALSE, the state 
of flipflop 6077 is reversed, and line AM is rendered 
TRUE thereby for tlie second time. When line AM is 
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rendered TRUE, line TS4 (FIG. 102C) is likewise ren- 
dered TRUE. Consequently, in response to lines AM 
and TS4 being rendered TRUE, an "AM" word-cycle is 
thereafter executed, whereby the word in address-A is 
stored in memory at the address specified by the contents 
of section 4 of the instruction register. Upon comple- 
tion of the "AM" word-cycle, the state of flipflop 6077 
is again reversed, so that line AM is rendered FALSE 
thereby. 

The steps of the subprogram to this point have been 
concerned with determining the algebraic signs of the 
multiplicand and the multiplier, conditioning the state 
of line OSN to be indicative of the algebraic sign of the 
product of the two factors, complementing either or 
both of the factors if the algebraic sign of either or both 
is negative, and thereafter returning the absolute value 
of the two factors to their original addresses in memory. 

With reference now to FIG. 102 A, after the absolute 
value of the multiplicand is stored in memory at the ad- 
dress specified by the contents of section 4 of the instruc- 
tion register, via the previously-initiated "AM" word- 
cycle, the state of flipflop 6080 is reversed when line A?vl 
is thus rendered FALSE for the second time, due to the 
fact that the R-counter is now at a count of "8," as in- 
dicated by a TRUE state of line R8. When the state of 
flipflop 6030 is reversed and line CA is rendered TRUE 
thereby. In response to line CA being rendered TRUE, 
a "CA" word-cycle is thereafter executed, v/hereby a 
word of all zeros is again stored in address-A. There- 
after, the state of flipflop 6080 is again reversed, and line 
CA is rendered FALSE. As a result of line CA thus 
being rendered FALSE, the state of flipflop 6066 is 
reversed, so that line MJ is rendered TRUE thereby. 
Substantially coincidentally therewith, line PR^ (FIG. 
102C) experiences a TRUE-to-FALSE reversal of state 
and thereby causes the R-counter to be preset to "0." 

When line MJ is thus rendered TRUE, line TS3 (FIG. 
102A) is likewise rendered TRUE. Consequently, in 
response to lines MJ and TS3 being rendered TRUE, 
a "MJ" word-cycle is thereafter executed, whereby the 
multiplier stored in memory at the address specified by 
section 3 of the instruction register is read out and the 
first-order digit thereof is stored in the R-counter. 

The reason that only the first-order multiplier digit 
is stored in the R-counter via the previously initiated 
"MJ" word-cycle is that the F-counter was initially pre- 
set to zero, and thus line RLM is TRUE only during that 
time the count of the digit-counter is also equal to zero. 
Otherwise, line (IFD)', hence line RLM, remains FALSE. 
As previously described in detail, a digit is stored in the 
"J" digit-register from memory only v,'hen line RLM 
is TRUE. After the first-order digit of the multiplier 
is stored in the R-counter, the state of flipflop 6066 (FIG. 
102A) is again reversed, so that line MJ is rendered 
FALSE thereby. If the first-order multiplier digit novv' 
stored in the R-counter has a value other than "0" as 
indicated by line (R<p)' being TRUE, the slate of flipflop 
6097 is reversed when line MJ is thus rendered FALSE, 
and, as a result, line RAD is rendered TRUE thereby. 
When line RAD is thus rendered TRUE, line TS4 (FIG. 
102C) is likewise rendered TRUE. 

Consequently, in response to lines RAD and TS4 thus 
being rendered TRUE, a first "RAD" subcommand is 
thereafter executed, whereby the multiplicand stored in 
memory at the address specified by the contents of sec- 
tion 4 of the instruction register is read out and added 
to the contents of address-A. Upon completion of the 
first "RAD" subcommand, line DR (FIG. 102C) experi- 
ences a TRUE-to-FALSE reversal of state, so that the 
R-counter is decremented by a count of "1." If, after 
being decremented, the R-counter is still at a count other 
than "0," lines RAD and TS4 remain TRUE, so that a 
second "RAD" subcommand is thereafter executed, 
whereby the multiplicand is again read out from the ad- 
dress in memory specified by the contents of section 4 
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of the instruction register and is added to the partial 
product stored in address-A. After the second "RAD" 
subcommand is completed, the R-counter is again de- 
cremented by a count of "1," and, if, after being de- 
cremented for the second time, the R-counter is still at a 
count other than "0," a third "RAD" subcommand is 
thereafter executed, and so on. 

However, when the R-counter has been decremented 
to a count of "0," so that line R0 is rendered TRUE 
thereby, indicating that the partial product with respect 
to the first-order digit of the multiplier word has been 
derived and stored in address-A, the state of flipflop 6097 
(FIG. 102A) is again reversed, so that line RAD is 
rendered FALSE thereby. As a result of line RAD thus 
being rendered FALSE, the state of flipflop 6101 is re- 
versed, so that line SA is thereby rendered TRUE. In 
response to line SA thus being rendered TRUE, a "SA" 
subcommand is thereafter executed, whereby the partial 
product now stored in address-A is shifted to the right 
by one digital position in the same manner as previously 
described in detail. Upon completion of the previously- 
initiated "SA" subcommand, the state of flipflop 6101 is 
again reversed, so that line SA is rendered FALSE there- 
by. When line SA is thus rendered FALSE, the state of 
flipflop 6103 is reversed, so that line SB is thereby ren- 
dered TRUE. In response to line "SB" being rendered 
TE.UE, a "SB" subcommand is thereafter executed, 
whereby the word stored in address-B is shifted to the 
right by one digital position, with the original first-order 
digit of the word in address-A being stored in the tenth- 
order digital position of address-B. Upon completion of 
the just-initiated "SB" subcommand, the state of flipflop 
6103 is again reversed, so that line SB is rendered FALSE 
thereby. 

With reference to FIG. 102C, just prior to the comple- 
tion of the previously-initiated "SB" subcommand, line 
AF experiences a TRUE-to-FALSE reversal of state when 
line EG is rendered FALSE; consequently, the F-counter 
is incremented from a count of "0" to a count of "1." 
Thus with reference to FIG. 102 A, as the F-counter is at 
a count other than "10," so that line (Fl<^)' remains 
TRUE, the state of flip-flop 6C66 is again reversed upon 
completion of the just-initiated "SB" subcommand, so 
that lines MJ and TS3 are both rendered TRUE for the 
second time. With reference to FIG. 102C, it is again 
to be noted that, due to the fact that the F-counter is now 
at a count of "1," line (IFD)', hence line RLM, is ren- 
dered TRUE only during the time the digit-counter is 
also at a count of "1"; otherwise, line RLM remains 
FALSE. As a result of lines MJ and TS3 again being 
rendered TRUE, a second "MJ" digit-cycle is thereafter 
executed, whereby the second-order digit of the multiplier 
word is read out from the address specified by section 3 
of the instruction register and is thereafter stored in the 
R-counter. Thereafter, a succession of "RAD" subcom- 
mands is executed, whereby the multiplicand is added to 
the partial product now stored in address-A by the num- 
ber of times equal to the digital value of the second-order 
multiplier digit stored in the R-counter. Thereafter, the 
twenty-digit word stored in combined addresses A and B 
is shifted to the right by one digital position in the same 
manner as just described. 

The above-described sequence of events is sequentially 
repeated until the tenth-order digit of the multiplier is 
stored in the R-countcr, the multiplicand is again added 
to the contents of address-A by the number of times 
dictated by the digital value of the tenth-order multiplier 
digit, and the twenty-digit product stored in combined 
addresses A and B is shifted to the right for the tenth time 
by one digital position. As the F-counter is now at a 
count of "10," as indicated by line FIO being rendered 
TRUE, the multiplication portion of the "MUS" instruc- 
tion is now completed. 

During the next phase of the "MUS" instruction, a 
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succession of "SA" and "SB" subcommands is executed, 
whereby Ihe twenty-digit product is shifted either to the 
right or to the left by the number of digital positions 
indicated by the contents of section 2 of the instruction 
register, all in essentially the same manner as previously 
described in detail witli respect to that portion of the 
pieceding description entitled "Description of SHF In- 
struction" and also with respect to that portion of the 
preceding description relating to the "SA" and "SB" sub- 
commands. 

With reference to FIG. 102B, if the state of line 
(OBiVI)' was previously rendered TRUE, indicating that 
the algebraic sign of the multiplier is negative, the stale of 
flipflop 6084 is reversed upon completion of the last "SB" 
subcommand, during which time lines Fl^ and R0 are 
both rendered TRUE. Consequently, the state of line 
CPM is rendered TRUE in order to effect complement- 
ing of the multiplier stored in memory at the address 
specifiad by section 3 of the instruction register. How- 
ever, if the algebraic sign of the multiplier is positive, 
the state of line (OBM)' thus being FALSE, a subse- 
quently-initiated "CPIvl" subcommand is prevented. As 
shown in FIG. 102C, the state of flipflop 6079 is reversed 
and line BM thereby rendered TRUE upon completion of 
the last-initiated "SB" subcommand, if the state of line 
OBM is TRUE, indicating that the algebraic sign of the 
multiplier is positive; otherwise, the state of flipflop 6079 
remains unchanged and line BM thereby remains FALSE 
until the last-initiated "CPM" subcommand is completed. 
However, v/hen line BM is finally rendered TRUE due to 
a reversal of state of flipflop C079, line TS4 is likewise 
rendered TRUE. 

In response to lines BM and TS4 thus being rendered 
TRUE, a "BM" word-cycle is thereafter executed, where- 
by the word is address-B is read out and stored in memory 
at the address specified by the contents of section 4 of the 
instruction register. Upon completion of the "BM" word- 
cycle, the state of flipflop 6079 is again reversed, so that 
line BM is rendered FALSE thereby. With reference to 
FIG. 102B, when line BM is thus rendered FALSE, the 
state of line PR8 is reversed from TRUE to FALSE, thus 
causing the R-countcr to be preset to a count of "S," so 
that line R8 is rendered TRUE thereby. If the state of 
line (OBN)' was previously rendered TRUE, indicating 
that the algebraic sign of the product is negative, the 
state of flipflop 6084 is reversed when line BM is thus 
rendered FALSE, and, as a result, line CPM is rendered 
TRUE thereby. When line CPM is thus rendered TRUE, 
line TS4 (FIG. 102C) is likewise rendered TRUE. Thus, 
in response to lines CPM and TS4 being rendered TRUE, 
a "CPM" subcommand is thereafter executed, whereby 
the product stored in memory at the address specified 
by the contents of section 4 of the instruction register is 
complemented thereby. Upon completion of the just- 
initiated "CPM" subcommand, the state of flipflop 6084 
(FIG. 102B) is again reversed, so that line CPM is 
rendered FALSE thereby. 

As shown, the state of flip-flop 6107 is reversed and 
line STD rendered TRUE upon completion of the just- 
initiated "BM" subcommand if the state of line OBN is 
TRUE, indicating that the algebraic sign of the product is 
positive; otherwise, the state of flipflop 6107 is not so 
reversed, and line STD is thereby rendered TRUE until 
the previously-initiated "CPM" subcommand is completed. 
However, when line STD is finally rendered TRUE, line 
TS5 is likewise rendered TRUE. In response to lines 
STD and TSS thus being rendered TRUE, a "STD" sub- 
instruction is thereafter executed, whereby the contents 
of section 5 of the instruction register is stored in the 
word-selecting register, thus terminating the sequence of 
events initiated in accordance with the "MUS" instruction. 
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executing a "MDE)" instruction, the code number "32" 
is effectively utilized during the "shift product" phase of 
the subprogram instead of the number stored in section 2 
of the instruction register, as in the previously-described 

5 "MUS" instruction. In addition, in executing a "MDD" 
instruction, the address in memory of the multiplier is 
specified by the contents of section 2 of the instruction 
register instead of section 4, as in the execution of the 
previously-described "MUS" instruction. 

10 Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107M, 
is a step-by-step description of the various previously de- 
scribed subinstructions to which the computer is sequen- 
tially responsive in executing a "MDD" instruction; 
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83. Detailed Description of MDD Instructions 

A "MDD" instruction is essentially a special case 
the just-described "MUS" instruction. For example, 
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onM(2)"; 
cp.'V-o-a- 



C!i-(l-ry.- 
A.\I-«40- 



R8-ii-ri - 

I.'K>i-0-12- 
MA-2 13-. 



09-17- 

lt.j5-32-21.--. 

KAD-1-23-- 

DPv-l)-21---- 

SA(2)-0-23.- 
S!i(a)-0-2u,. 
AF-0-27— - 
FI54-I7-23--. 

rn2-o-20--_ 

Ii<p4-30-3!i-... 



OBxM(!l)-0-14. 



J9-S-7 

CAd'l-O-lti-. 
PRs6-0-17--- 

Al}(l)-0-18. 

lFD-2i)-10-- 

RLM-3-20---- 

31- 



IDe.scriptio.'i 



Copy into the i!i:-;truct.Loii rogistfir the next 
iri^trucl.ioii \vor(i stored in .tneiiiory at riic 
:i(l<lre.^'; st'.eeirio.f.i by t.})e t',ont.'?iit^ of tii'~ '>vord- 
si'Ii^ct.iiiFj register; tiiere:ifcer, if tiie t-untents 
of ;j"ctio[i 1 of tiK^ i-isSruetion r.'jjister i-^ "12," 
V.0 to Stet) 2 of tile foiio^vini^ ''!i!>nro:trani. 

I^reset tl]e F-counter to "O"; tiif're.ifter. tro to 
.St.e;)3. 

IVc^et tiic 1^-cotinter to "0"; tIi;Te'ift<-'r, po to 
.Stf!) 4. 

Coi>y tlie next ward from liieiiiory iiiio a't'lre:;^- 
A.'arii!. si!!itilt:uieo!i.-iy tiierewitli. co:>y tile 
v.'ord digit Ijydij^it into tlie ".)" die.iE-reui^ter, 
liu! :u!flres^ of tiie iic^t \yoTd in 7ncm[>ry 
')ei3rr ^oe^-'ified by tiio cont.ents of ^eetiori 3 
of tiie instruction ro.i^i-.ter; tiiere.ifttir, ;^o to 
Mteu 5. 

Preset tlie ste.te of line f)B!vI to [lorresnond to 
tile aigelire.i^: sign of tlie ^,\ord. Just re:ui front 
memory; liiereiu'ter. trn to Htei) ti. 

irtlio stsite of lino OJi.Vt is TRUl?, go to Step S; 
otiierwise, go to Step 7. 

Coni[)lcinent tiie word stored in aildress-A; 
thereafter, go to Ste o 8. 

Clour address-iJ; tiierenfter, go to ;3(ci.i 9. 

Copy tiie word stored inaddress-.\ in(.o rnentory 
at tiic address speeified l),y ^eetion n. of tlie 
iastruetioil re;_tister, "/i'' beirv- a, "3" if tii.i 
Pt-eoU!iter is a.t a count ol "tf, and ijein^z a 
"4" if tiie Tt-connter i^ at a count of '>;''; 
tfiercrtfier. go to Ste;) tO. 

If t.lie R-couiitcr is at a eonnt. of "S", go t.o 
Stei> l.i; otlierivise, eo i.o ;^[e.o 11. 

l'resi->,t tlie it-eounter to "y"; tliereafter sfo to 
Step 12. 

Co:>y ttie next ^vord from memory into .■uidres^- 
A, and. simultaneously tliere .vitii, co;iy tiie 
^vord di'jit l)ydi,git into the ".1" dic;it-regist!'r. 
tile address of tiie next ivord in memory 
being specified by tlie contents of section 2 
of the instruction register; tliereafter, go to 
Sten 13. 

Preset tlie state of line ORN TRL'E if tlio 
algebraic sign of the word jtist re:id froni 
ineniory corresftonds to the state of line 
OflM; otherwise, fjreset tlie state of line 
OBN FALSE; thereiitter, go to ;5tep 14. 

If the digit stored in tlie "J" digit register is a 
"9", go to .Stop 7; otlier-.i i-se. go to Ste:5 .ii. 

Clear address-.^; thereafter, go to -Steo 10. 

Preset the R-eouuter to "U"; tiierenfter, go to 
.Step 17. 

Increment the dig;t-co;inter; thereafter, go to 
Step IS, 

If the digit stored in the t'-eouiiter is eqi-al to 
the digit stored in the digit counter, go to 
SteiJ 19; otherwise, go to Stei) 20. 

Store ill the K-co"iiter the digit wiios'^ dieital 
position is siieolfied b;,' thii i'-eo-[Ut."i- a'ld 
wjiose address in incanory is sft^.'^'died iiy ihe 
eonb-uts of section 3 of the iiistriiet on regi:;- 
ter; thcreailer, iSi to nt.ep 2J. 

If the digit-copnte.r is at il eonnt of "3," go to 
Step 21; otherwise, go to Step 17. 

It tlie H-countw is at a count oI "D," go to Step 
24; otherwise, go to Hlep 22. 

A<ld the word stored in memory at the adth'ess 
speeified by see.tioii 4 of the iustr:Kd:on 
register to "the word stored in address-,A; 
thereafter, go to Steii 23. 

Deereiiient tile It-counter; tiiCi-oafter, go to 
Step 21. 

l^iiift the word ol address-A one place to the 
riglit; thereafter, go to Step 2.i.. 

Sliift the word address-Ii one p'lace to the reglit; 
thereafter, go to Step 2ij. 

luercment the f-counter; thereafter, go to Hiep 
27. 

If tiie F-co!uiter is at a coti:tt of "10", .go to 

Step 2S; otlieretise, go to Step 17. 
Preset the K-eounter to a count ol "2"; tliere- 
after. eo to Step 29. 
It the K-eoe.nter is at a eoant of "0", go to Step 
SSi; otherwise, go to .'Jtep 30. 
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31. 
32 
33. 
34 
35 
36 
37. 

38 

39 
40 
41. 

42. 



Submstruo- 
tions 



Bl-31-33^... 
SA(2)-0-32.. 
SB (2) -0-35.. 
DAD-0-34.. 
ARO-0-31... 
DE-0-29 



OBM(2)-37- 

38 
CPM-3-38-. 



BM-4-39.. 



PR8-0-40... 

OBNC2)-41- 

42. 
CPM-4-42.. 



STD-6-*.. 



Description 



It the R-co"jnter is at a count of "1", go to Step 
33; otherwise, go to Step 31. 

Shift the word of address-A one place to the 
right; thereafter, go to Step 32. 

Shift the word of address-B one place to the 
right; thereafter, go to Step 36. 

Add the constant 0000000005 to the word stored 
in address-B; thereafter, go to Step 34. 

Add a word of all zeros to address-A; thereafter, 
BO to Step 31. 

Decrement the R-connter; thereafter, go to 
Step 20. 

If the state of line OBM is TRUE, go to Step 
38; otherwise, go to Step 37. 

Complement ttie word stored in memory at the 
address specified by the contents of section 3 
of the instruction register; thereafter, go to 
Step 38. 

Copy the word of address-B into memory at 
the address specified by the contents of sec- 
tion 4 of the instruction register; thereafter, 
go to Step 39. 

Preset the R-countcr to a count of "8"; there- 
after, go to Step 40. 

If the state of line OBN is TRUE, go to Step 42; 
otherwise, go to Step 41. 

Complement the word stored in memory at the 
address specified by the contents of section 4 
of the instruction register; thereafter, go to 
Step 42. 

Copy the contents of section 6of the instruction 
register into the word -selecting register. 



As previously described with respect to FIG. 56, if the 
two-decimal-digit number stored in section 1 of the in- 
struction register is either a "12" or a "13," line MUS 
is thereby rendered TRUE. Line MDD is rendered 
TRUE, however, only when the number "12" is stored in 
section I of the instruction register. Thus, upon comple- 
tion of the previously-initiated "MI" word-cycle, during 
which time the next instruction word is read out from 
the particular address in memory specified by the con- 
tents of the word-selecting register and is thereafter 
stored in the instruction register, if the contents of sec- 
tion 1 of the instruction register corresponds to the 
code designation for a "MDD" instruction (i.e., "12"), 
the states of lines MUS and MDD are both rendered 
TRUE in the manner just stated. In response to both 
of lines MUS and MDD simultaneously being rendered 
TRUE, a "MDD" instruction is thereafter executed in 
essentially the same manner as just described with respect 
to the "MUS" instruction. This is evident from a com- 
parison of the "MDD" and "MUS" flow diagrams shown 
in FIGS. 107M and 107N, respectively, together with 
the accompanying step-by-step descriptions thereof pre- 
viously given in chart form. This is further exempli- 
fied by the fact that the combination of the logical dia- 
grams shown in FIGS. 101 and 102 A through 102C 
form a composite logical diagram of particular portions 
of the computer circuitry utilized in executing a "MDD" 
instruction. 

The primary diiferences between the "MDD" and 
"MUS" instructions are as follows: During the execu- 
tion of the second "MA" word-cycle, during which time 
the multiplicand is read out from a particular address in 
memory, and also during which time the R-counter is at 
a count of "8," the state of line TS2. (FIG. 101) is 
rendered TRUE, whereas line TS4 (FIG. 102C) is rend- 
ered FALSE by logical AND 1521. Consequently, dur- 
ing the execution of the second "MA" word-cycle portion 
of the "MDD" subprogram, the multiplicand to be thus 
stored in address-A is read out from the address in mem- 
ory specified by the contents of section 2 of the instruction 
register, rather than being read out from the address in 
memory specified by the contents of section 4 of the in- 
struction register, as in the execution of the previously- 
described "MUS" instruction. Thus, upon completion of 
the first-initiated "SB" subcommand portion of the 
"MDD" subprogram, during which time the F-counter is 
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at a count of "9," line PR2 (FIG. 101) is rendered 
FALSE, so that the R-counter is preset to "1," rather than 
having stored therein the low-order digit of section 2 of 
the instruction register via execution of a "RLR" subin- 

5 struction, as in the execution of tlie "MUS" instruction. 
Also, as line (MDD)' is rendered FALSE during the ex- 
ecution of the "MDD" instruction, lines H2 and H4 
(FIG. 101) are likewise rendered FALSE. However, 
when line MDD is initially rendered TRUE, line H3 is 

10 likewise rendered TRUE. Therefore, as the R-counter is 
at a count of "1," and as line H3 is TRUE during the ex- 
ecution of the secondly-initiated "SA" and "SB" subcom- 
mand portions of the "MDD" subprogram, the twenty- 
digit product stored in addresses A and B is shifted one 

15 place to the right, thereafter rounded and again shifted 
one place to the right, all in the same manner as previ- 
ously described. After the final shifting operation is 
completed, the "MDD" subprogram is thereafter terminat- 
ed in exactly the same manner as the previously-described 

20 "MUS" subprogram. 

84. Detailed Description of DIV Instructions 

The subprogram for the "DIV" instruction essentially 

gg comprises three distinct steps or phases. During the first 
phase, the divisor is read out from the address in memory 
specified by the contents of section 3 of the instruction 
register and is stored in address-A. The algebraic sign of 
the divisor is thereafter determined, and its uncomple- 
mented absolute value is derived and stored back in the 
original address in memory thereof. Thereafter, the di- 
vidend is read out from the address in memory specified 
by the contents of section 2 of the instruction register and 
is stored in address-A. The algebraic sign of the dividend 
is determined, and its uncomplemented absolute value is 
thereafter derived and stored back in address-A. During 
the division phase of the subprogram, the ten-decimal- 
digit dividend in address-A is effectively divided by the 
ten-decimal digit divisor, and a ten-decimal-digit quotient 

40 is derived from it and stored in address-B. 

As previously stated, a division mathematical operation 
is carried out within the computer by the process of repeat- 
ed subtractions. That is, the divisor is successively sub- 
tracted from the contents of address-A until the magnitude 

45 of the contents of address-A is less than the magnitude of 
the divisor, the word OOCOOOOOOl being added to the con- 
tents of address-B upon completion of each subtraction 
operation. After the word in address-A becomes less than 
the divisor, the contents of addresses A and B are each 

50 effectively shifted to the left by one digital position. There- 
after, the divisor is again successively subtracted from the 
contents of address-A until the magnitude thereof again 
becomes less than the (magnitude of the divisor, the word 
0000000001 again being added to the contents of address- 

55 B upon completion of each subtraction operation. There- 
after, the contents of addresses A and B are again effec- 
tively shifted to the left by one digital position and the 
sequence of events again repeated until the contents of 
addresses A and B are shifted to the left by the total num- 

60 ber of nine digital positions. The third phase of the sub- 
program is concerned with the copying of the contents of 
address-B back in memory at the address specified by the 
contents of section 4 of the instruction register. Due 
to the fact that the absolute value of the quotient is now 

65 stored in memory, the fourth and final phase of the sub- 
program is concerned with determining the algebraic sign 
of the quotient and thereafter complementing the quotient 
in the event its algebraic sign is negative; however, in 
the event the algebraic sign of the quotient is positive, a 

70 subsequent complementing operation is not performed. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the flow diagram of FIG. 107P, is a 
step-by-step description of the various previously described 
subinstructions to which the computer is sequentially re- 

75 sponsive in executing a "DIV" instruction: 
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6... 



Subinstruc- 
tions 



4 



13 

14, 

15 
16 
17 

18. 
19. 
20. 
21. 
22. 

23. 
24. 

25. 



MI-0-2.. 



PE.H)-3- 
MA-3-4.. 



OBM(4)-0-5. 

OBM(2)-6-7. 

GPA-0-7 

Ri>-14-8 



CB-P-9... 
AM-4-10.. 



PE8-0-11. 



MA-2-12.. 



OBN(4)-0-13. 



J9-14-6.. 



RSB-4-15.. 



Description 



EAS-17-16. 
DAD-0-14. 
BAD-4-18-. 



DR-0-19 

R.^20-22 

SA(l)-0-21.__. 
SBCD-O-U.... 
BM-4-23. 

OBN(l)-24-25. 
CPM-4-26.... 

STD-5-* 



Copy into the instruction register tlie next in- 
struction word stored in meinorv at the 
address specified by the contents of the word- 
selecting register; thereafter, it the contents 
of section 1 of the instruction register is "14," 
go to Step 2 in the following subprogram. 
Preset the E-counter to "o"; thereafter, go to 

Step 3. 

Copy the word from memory info address-A, 

and, slninltaneously therewith, copy the 

word digit by digitinto the "J" digit-register, 

the address of the word in memory lacing 

specified by the contents of section 3 of the 

instruction register; thereafter, go to Step 4. 

Preset the state of line OEM to correspond to 

the algebraic sign of the M'ord just read from 

memory; thereafter, go to Step 5. 

If the state of line OHM is TRUE, go to Step 

7; otherwise, go to Step 6. 
Complement the word stored in addrcss-A; 

thereafter, go to Step 7. 
If the R-counter is at a count of "0," go to Step 

8; otherwise, go to Step 14. 
Clear address-B; thereafter, go to Step 9. 
Copy the word stored in address-A into mem- 
ory at the address specified by the contents 
of the section 4 of the instruction register; 
register; thereafter, go to Step 10. 
Preset the R-counter to a count of "8"; there- 
after, go to Step 11. 
Copy the word stored in memory at the ad- 
dress specified by the contents of section 2 of 
the instruction register into address-A, and, 
simultaneously therewith, copy the word 
digit by digit into the "J" digit-register; 
thereafter, go to Step 12. 
Preset the state of line OBN TRUE if the 
algebraic sign of the word just read from 
memory corresponds to the state of line 
OBM; otherwise, preset the state of lino 
OBN FALSE; thereafter, go to Step 13. 
If the digit stored in the "S" digit-register is a 

"9," go to Step 6; otherwise, go to Step 14. 
Subtract the word stored in memory at the 
address specified by the contents of section 4 
of the instruction register from the word 
stored in address-A; thereafter, go to Step 16. 
If the algebraic sign of the dilTcrencc is positive, 

go to Step 16; otherwise, go to Step 17. 
Add the constant 0000000001 to the word stored 

in address-B; thereafter, go to Step 14. 
Add the word stored in memory at the address 
specified by the contents of section 4 of the 
instruction register to the word stored in 
address-A; thereafter, go to Step 18. 
Decrement the R-counter; thereafter, go to 

Step 19. 
If the R-counter is at a count of "O," go to 

Step 22; otherwise, go to Step 20. 
Shift the word stored in address-A one digital 
position to the left; thereafter, go to Step 21. 
Shift the word stored in address-B one digital 
position to the left; thereafter, go to Step 14. 
Copy the word of addrcss-B into memory at 
the address speeifled by the contents of sec- 
tion 4 of the instruction register; thereafter, 
go to Step 23. 
II the state of line OBN is TRUE, go to Step 

25; otherwise, go to Step 24. 
Complement the word stored in memory at the 
address specified by the contents of section 4 
of the instrucilon register; thereafter, go to 
Step 25. 
Copy the contents of section 6 of the in.struction 
register into the word-selecting register. 
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Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next 
instruction word is read out from the particular address 
in memory specified by the contents of the word-selecting 
register and thereafter stored in the instruction register, 
if the contents of section 1 of the instruction register 
thereafter corresponds to the code designation for a "DIV" 
instruction (i.e. "14"), the state of line DIV is rendered 
TRUE in the manner previously described with respect to 
FIG. 56, and, as a result, a "DIV" instruction is thereafter 
executed in the following manner: 

With reference to FIGS. 103A and 103B, there is illus- 
trated therein a composite logical diagram of particular 
portions of the computer circuit utilized in executing a "^^ 
"DIV" instruction. With particular reference to FIG. 
103B, at TIME-1 after line MI is rendered TRUE at the 
beginning of the previously-initiated "MI" word-cycle, the 
states of flipflops 6096 are reversed, so that lines OBM 
and OBN are respectively rendered FALSE thereby. Upon ^^ 



completion of the previously-initiated "MI" word-cycle, 
the state of flipflop 6091 is reversed when line MIN is 
subsequently rendered FALSE, so that line MA is rendered 
TRUE thereby. With reference to FIG. 79, at the be- 
ginning of the previously initiated "MI" word-cycle, the 
state of flipflop 6107 is reversed, when line (MI)' is thus 
rendered FALSE, so that line S1T> is rendered FALSE 
thereby. With reference back to FIG. 103B, when line 
STD is thus rendered FALSE, line PR0 is likewise ren- 
dered FALSE, so that the R-counter is thereby caused to 
be preset to "0." 

With reference to FIG. 103A, as the R-counter is now 
at a count of "0," so that line R0 is TRUE, line TS3 
is rendered TRUE as a result of line MA being rendered 
TRUE. Consequently, a first "MA" word-cycle is there- 
after executed, whereby the divisor stored in memory at 
the address specified by the contents of section 3 of the 
instruction register is read out and stored in address-A. 
Simultaneously therewith, the divisor is copied digit by 
digit into the "J" digit-register. Upon completion of the 
"MA" word-cycle, the state of flipflop 6091 (FIG. 103B) 
is again reversed, so that line MA is rendered FALSE 
thereby. If upon completion of the "MA" word-cycle 
the algebraic sign of the divisor just read from memory 
is negative, so that the tenth-order digit thereof stored in 
the "J" digit-register is a "9," the state of line OBM re- 
mains FALSE. However, if the tenth-order digit of the 
divisor now stored in the "J" digit-register has a value 
other than "9," the state of flipflop 6095 is reversed on 
completion of the "MA" word-cycle, and line OBM is 
thereby rendered TRUE. Thus, it is evident, the state of 
line OBM is rendered TRUE if the algebraic sign of the 
divisor is positive and is rendered FALSE if the algebraic 
sign of the divisor is negative. 

If the algebraic sign of the divisor just read from mem- 
ory is negative, so that line J9 is TRUE, the state of flip- 
flop 60'83 is reversed upon completion of the previously- 
initiated "MA" word-cycle, and line CPA is thereby ren- 
dered TRUE. In response to line CPA thus being ren- 
dered TRUE, a "CPA" subcommand is thereafter exe- 
cuted, whereby the divisor now stored in address-A is 
read out and complemented, and its absolute negative 
value thereafter stored back in address-A. Upon com- 
pletion of the "CPA" subcommand, the state of flipflop 
6083 is again reversed, and line CPA is thereby rendered 
FALSE. It is evident, therefore, that the state of flipflop 
6081 is reversed and line CB thereby rendered TRUE, 
either upon completion of the "MA" word-cycle, if the 
algebraic sign of the divisor is positive, or upon comple- 
tion of the "CPA" subcommand if the algebraic sign of 
the divisor is negative. In either event, as a result of line 
CB thus being rendered TRUE, a "CB" word-cycle is 
thereafter executed, whereby a word of all zeros is stored 
in address-B. Upon completion of the "CB" word-cycle, 
the state of flipflop 6081 is again reversed, so that line 
CB is thereby rendered FALSE. 

With reference to FIG. 103 A, the state of flipflop 6077 
is reversed as a result of line CB thus being rendered 
FALSE, and line AM is rendered TRUE thereby. When 
line AM is rendered TRUE, line TS4 is likewise rendered 
TRUE. Consequently, in response to lines AM and TS4 
being rendered TRUE, an "AM" word-cycle is thereafter 
executed, whereby the divisor now stored in address-A is 
read out and stored in memory at the address specified 
by the contents of section 4 of the instruction register. 
Upon completion of the "AM" word-cycle, the state of 
flipflop 6077 is again reversed, so that line AM is ren- 
dered FALSE thereby. 

When line AM is thus rendered FALSE, line PR8 
(FIG. 103B) is likewise rendered FALSE and thereby 
causes the R-counter to be preset to a count of "8." 
Also, the state of flipflop 6091 is again reversed as a re- 
sult of line AM thus being rendered FALSE, and line 
MA is again rendered TRUE thereby. As the R-counter 
is now at a count of "8," so that line R8 is TRUE, line 
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TS2 (FIG. 103A) is likewise rendered TRUE as a re- 
sult of line MA being rendered TRUE. In response to 
lines MA and TS2 thus being rendered TRUE, a second 
"AM" word-cycle is thereafter executed, whereby the 
dividend stored in memory at the address specified by 
the contents of section 2 of the instruction register is 
read out and stored in addrcss-A; simultaneously there- 
with, the dividend is copied digit by digit into the "J" 
digit-register. 

Upon completion of the second "MA" word-cycle, the 
state of flipflop 6091 (FIG. 103B) is again reversed, so 
that line MA is rendered FALSE thereby. If upon com- 
pletion of the "MA" word-cycle the algebraic sign of the 
dividend, as indicated by the states of lines 19 and (19)', 
corresponds to the algebraic sign of the divisor, as indi- 
cated by the states of lines OBM and (OBM)', the state 
of flipflop 6096 is reversed, so that line OBN is rendered 
TRUE thereby. However, if the algebraic signs of the 
dividend and of the divisor are of opposite signs, the state 
of line OBN remains FALSE. Thus it is evident that 
the state of line OBN is rendered TRUE if the algebraic 
sign of the dividend corresponds to the algebraic sign of 
the divisor, and is rendered FALSE if the algebraic sign 
of the dividend does not correspond to the algebraic sign 
of the divisor. Also, if the algebraic sign of the dividend 
just read from memory is negative, so that line J9 is 
rendered TRUE, the state of flipflop 6083 is reversed 
upon completion of the previously-initiated "MA" word- 
cycle, and line CPA is thereby rendered TRUE. 

As previously described, when line CPA is rendered 
TRUE, a "CPA" subcommand is thereafter executed, 
whereby the word stored in address-A is read out and 
complemented, and its absolute value is thereafter stored 
back in address-A. Upon completion of the "CPA" sub- 
command t,he state of flipflop 60S3 is again reversed, and 
line CPA is thereby rendered FALSE. It is evident, 
therefore, that the state of flipflop 6081 is reversed and 
line CB thereby rendered TRUE, either upon comple- 
tion of the secondly-initiated "MA" word-cycle, if the 
algebraic sign of the dividend is positive, or upon com- 
pletion of the previously-initiated "CPA" subcommand 
if the algebraic sign of the dividend is negative. In 
either event, when line CB is finally rendered TRUE, a 
"CB" word-cycle is thereafter executed, whereby a word 
of all zeros is stored in address-B. Upon completion of 
the "CB" word-cycle, the state of flipflop 6081 is again 
reversed, so that line CB is thereby rendered FALSE. 

With reference to FIG. 103A, the state of flipflop 6100 
is reversed as a result of line CB thus being rendered 
FALSE, and, as a result, line RSB is thereby rendered 
TRUE. When line RSB is thus rendered TRUE, line 
TS4 is likewise rendered TRUE. Consequently, in re- 
sponse to lines RSB and TS4 thus being rendered TRUE, 
a "RSB" subcommand is thereby executed, v^hereby the 
divisor stored in memory at the address specified by the 
contents of section 4 of the instruction register is read 
out and subtracted from the contents of address-A. Upon 
completion of the "RSB" subcommand, the state of flip- 
flop 6100 is again reversed, so that line RSB is thereby 
rendered FALSE. As previously described in detail with 
respect to that portion of the adder-subtractor circuitry 
shown in FIG. 54, decimal-carry output line EAS is 
rendered TRUE upon completion of the "RSB" sub- 
command if the algebraic sign of the remainder is nega- 
tive; however, if the algebraic sign of the remainder is 
positive, line EAS is rendered FALSE. 

If it be assumed that the algebraic sign of the remainder 
now in address-A is positive, so that line (EAS)' is 
TRUE, the state of flipflop 6085 (FIG. 103A) is reversed 
upon completion of the previously-initiated "RSB" sub- 
command, and line DAD is thereby rendered TRUE. 
When line DAD is thus rendered TRUE, a "DAD" sub- 
command is thereafter executed, whereby the constant 
0000000001 is added to the word now stored in address-B, 
which, in this instance, is a word of all zeros. Upon com- 



pletion of the "DAD" subcommand, the state of flipflop 
6085 is again reversed, so that line DAD is rendered 
FALSE thereby. As a result of line DAD thus being 
rendered FALSE, the state of flipflop 6100 is again re- 
5 versed, so that line RSB is rendered TRUE for the sec- 
ond time. Consequently, a second "RSB" subcommand 
is thereafter executed, whereby the divisor stored in mem- 
ory at the address specified by the contents of section 4 
of the instruction register is again subtracted from the 

10 contents of the address-A. Thereafter, the state of flip- 
flop 6100 is again reversed, so that line RSB is rendered 
FALSE thereby. When line RSB is thus rendered 
FALSE, the state of flipflop 6085 is again reversed, so 
that line DAD is rendered TRUE for the second time, 

15 provided that the algebraic sign of the difference now in 
address-A is still positive. However, if it be assumed that 
the algebraic sign of the difference is now negative, so 
that line (EAS)' is rendered FALSE, the state of flipflop 
6085 is thereafter prevented from being reversed, and, 

20 consequently, line DAD remains FALSE. Therefore, as 
it has been assumed that the algebraic sign of the re- 
mainder is now negative, so that line EAS is rendered 
TRUE, the state of flipflop 6097 is reversed upon com- 
pletion of the previously-initiated "RSB" subcommand, 

25 and, as a result, line RAD is rendered TRUE thereby. It 

is evident, therefore, that the subtraction operation is 

continued until line EAS is rendered TRUE, indicating 

that the algebraic sign of the remainder is negative. 

However, when line RAD is thus rendered TRUE, line 

30 TS4 is likewise rendered TRUE. Consequently, a "RAD" 
subcommand is thereafter executed, whereby the divisor 
stored in memory at the address specified by the contents 
of section 4 of the instruction register is added to the con- 
tents of address-A, which is thereafter storing a remainder 

35 whose algebraic sign is now positive; i.e., greater than 
"0." Just prior to completion of the "RAD" subcom- 
mand, the state of line DR (FIG. 103B) experiences a 
TRUE-to-FALSE reversal of state and thereby causes the 
R-counter to be decremented from a count of "8" to a 

40 count of "7." Upon completion of the previously- 
initiated "RAD" subcommand, the state of flipflop 6097 
(FIG. 103A) is again reversed, so that line RAD is thus 
rendered FALSE. As the R-counter is now at a count 
other than "0," so that line (R^)' is rendered TRUE, the 

45 state of flipflop 6101 is reversed when line RAD is thus 
rendered FALSE, and, consequently, line SA is rendered 
TRUE thereby. In response to line SA thus being ren- 
dered TRUE, a "SA" subcommand is thereafter executed, 
whereby the remainder stored in address-A is shifted to 

50 the left by one digital position. Thereafter, the state of 
flipflop 6101 is again reversed, so that line SA is rendered 
FALSE thereby. When line SA is thus rendered FALSE, 
the state of flipflop 6103 is reversed and line SB rendered 
TRUE thereby. In response to line SB being rendered 

55 TRUE, a "SB" subcommand is thereafter executed, where- 
by the partial quoiient stored in address-B is also shifted 
to the left by one digital position. Upon completion of 
the just-initiated "SB" subcommand, the state of flipflop 
6103 is again reversed, and line SB is rendered FALSE 

eo thereby. 

As a result of line SB thus being rendered FALSE, the 
state of flipflop 6100 is again reversed, so that lines RSB 
and TS4 are again rendered TRUE. Consequently, a 
"RSB"' subcommand is thereafter executed, whereby the 

65 divisor stored in memory at the address specified by sec- 
tion 4 of the instruction register is subtracted from the 
shifted remainder now stored in address-A. Thereafter, 
a succession of "RSB" subcommands is executed until the 
remainder stored in address-A has been reduced to zero 

70 or until the algebraic sign thereof becomes negative, at 
which time the states of flipflops 6097 and 6100 are both 
reversed, so that lines RAD and RSB are thereby ren- 
dered TRUE and FALSE, respectively. In response to 
lines RAD and TS4 now being TRUE, a "RAD" sub- 

5'5 command is thereafter executed, whereby the divisor 
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stored in memory at the address specified by section 4 of 
the instruction register is added to the remainder stored 
in address-A. Thereafter, a "SA" subcommand followed 
by a "SB" subcommand is sequentially executed, whereby 
the words stored in addresses A and B are both shifted one 
digital position to the left. As shown in FIG. 103B, just 
prior to the completion of the "RAD" subcommand, the 
state of line DR experiences a TRUE-to-FALSE reversal 
of state and thereby causes the R-counter to be decre- 
mented from a count of "7" to a count of "6." The lo 
above-described sequence of subtraction operations is 
sequentially repeated until the R-counter is decremented 
from a count of "1" to a count of "0." 

Upon completion of the last-initiated "RAD" subcom- 
mand, after the R-counter reaches a count of zero, as in- 15 
dicated by line R^ being rendered TRUE, the state of 
flipflop 6079 is reversed, so that lines BM and TS4 are 
both rendered TRUE. In response to lines BM and TS4 
thus being rendered TRUE, a "BM" word-cycle is there- 
after executed, whereby the word stored in address-B is 20 
read out and stored in memory at the address specified 
by the contents of section 4 of the instruction register. 
Upon completion of the "BM" word-cycle, the state of 
flipflop 6079 is again reversed, so that line BM is ren- 
dered FALSE thereby. With reference to FIG. 103B, 
when line BM is reversed from TRUE to FALSE, the state 
of line PR8 is likewise reversed from TRUE to FALSE, 
and, as a result, the R-counter is again preset to a count 
of "8," so that line R8 is rendered TRUE thereby. If it is 
assumed that line (OBN)' was previously rendered 
TRUE, indicating that the algebraic sign of the quotient is 
negative, the state of flipflop 6084 is reversed upon com- 
pletion of the previously-initiated "BM" word-cycle, and 
line CPM is rendered TRUE thereby. As line CPM is 
thus rendered TRUE, line TS4 (FIG. 103A) remains 
TRUE. Thus, in response to lines CPM and TS4 being 
TRUE, a "CPM" subcommand is thereafter executed, 
whereby the quotient now stored in memory at the ad- 
dress specified by the contents of section 4 of the instruc- 
tion register is read out and complemented, and the com- 40 
plement thereof stored in the memory address specified 
by section 4 of the instruction register. Upon completion 
of the just-initiated "CPM" subcommand, the state of 
flipflop 6084 is again reversed, so that lines CPM and 
TS4 are both rendered FALSE thereby. 45 

As shown in FIG. 103B, if the state of line OBN is 
TRUE, indicating that the algebraic sign of the quotient 
is positive, the state of flipflop 6107 is reversed, and line 
STD is thereby rendered TRUE upon completion of the 
previously-initiated "BM" subcommand; otherwise, the 50 
state of flipflop 6107 is not so reversed until the pre- 
viously initiated "CPM" subcommand is completed. 
However, when line STD is finally rendered TRUE, line 
TS5 is likewise rendered TRUE. Consequently, a "STD" 
subinstruction is thereafter executed, whereby the con- 55 
tents of section 5 of the instruction register is stored in 
the word-selecting register, thus terminating the sequence 
of events initiated in response to a "DIV" instruction. 

85. Detailed Description of CPM Instructions 60 

During the execution of a "CFM" instruction, the 
values of the two words stored in memory at the ad- 
dresses specified by the contents of sections 2 and 3 of 
the instruction register are compared with each other. c5 
If the value of the word stored in memory at the address 
specified by section 2 of the instruction register is equal 
to or larger than the value of the word stored in mem- 
ory at the address specified by section 3 of the instruction 
register, the address of the next instruction word is spec- 70 
ified by section 4 of the instruction register. However, 
if the absolute value of the word stored in memory at 
the address specified by section 2 of the instruction regis- 
ter is less than the value of the word stored in memory 
at the address specified by section 3 of the instruction 75 



register, the address of the next instruction word is that 
which is specified by section 5 of the instruction register. 
Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 
1()7Q, is a step-by-step description of the various pre- 
viously-described subtnstructions to which the computer 
is sequentially responsive in executing a "CFM" instruc- 
tion: 



step 



Subinstruc- 
tion 



MI-0-2 _.. 



MA-2-3.. 



3 


OBM(4)-0-«.. 


4 

2-3 


MJ-3-S 


5 


OI5N(4)-0-3... 


30 6..-.^. 


OBN(l)-9-7.._ 


7 


KSB-3-S 


8 


E.VS^U-IO 

0BM(2) -11-10. 


10 


STID-J-' 


11 


STD-^* 



Description 



Copy into the instruction register the next 
instruction word whicli is stored in memory 
at the address specified by the contents of 
the word-selecting register; thereafter, if tlie 
contents of section 1 of the instruction register 
is "15," go to Step 2 in the following sub- 
program. 

Copy the next word from memory into address- 
A, and, simultaneously therewith, copy tiie 
word digit by digit into tlie "J" digit-register, 
the address of tlie next word from memory 
beinsj si)eeitied by the contents of section 2 of 
t!ie iristruetioii register; thereafter, go to 
Step 3. 

Preset the state of lino OBM to correspond to 
the algebruie sign of tJie word just read from 
memory; thereafter, go to Step 4. 

Copy the word stored in memory at the ad- 
dress soeeified by the contents of section 3 of 
the instruction register digit by digit into tlie 
"J" digit register; thereafter, go to Step ^. 

Preset the state of line OBN THUE if the alge- 
braic sign of the word just read from memory 
corresponds to tiie state of line OBM; other- 
wise, preset the state of line OBN FALSE; 
thereafter, go to Step 6. 

If the state of lino OBN is TRUE, go to Step 7; 
otherwise, eo to Step 9. 

Subtract the word stored in memory at the ad- 
d:ess specified by tile contents of section 3 of 
tbe instrnetion register from the word stored 
ill address-A; thereafter, go to Step 8. 

If the algebraic sign of the dilference is positive, 
go to Step 10; otherwise, go to Step 11. 

If the state of line OBM is TRUE, go to Step 
10; otherwise, go to Step 11. 

Copy tile eoiitents of section i of the instruction 
register into the word-selecting register. 

Copy the contents of section 5 of the instruction 
register into the word-selecting register. 



Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next 
insruotion word is read out from the particular address 
in memory specified by the contents of the word-selecting 
register and thereafter stored in the instruction register, 
if the contents of section 1 of the instruction register 
thereafter corresponds to the code designation for a 
"CFM" instruction (i.e., "15"), the state of line CFM 
is rendered TRUE in the manner previously described 
with respect to FIG. 56, and, as a result, a "CFM" in- 
struction is thereafter executed in the following manner: 

With reference to the composite logical diagram shown 
in FIG. 104, at TIME-1 after line MI is rendered TRUE 
at the beginning of the previously-initiated "MI" word- 
cycle, the states of flipflops 6095 and 6096 are reversed, 
so that lines OBM and OBN are respectively rendered 
FALSE thereby. When line MIN is subsequently ren- 
dered FALSE upon completion of the previously-initiated 
"MI" word-cycle, the state of flipflop 6091 is reversed, 
and line MA is thereby rendered TRUE. When line MA 
is thus rendered TRUE, line TS2 is likewise rendered 
TRUE. Consequently, a "MA" word-cycle is thereafter 
executed whereby the word stored in memory at the ad- 
dress specified by section 2 of the instruction register is 
read out and stored in address-A; simuhaneously there- 
with, the word being read out from memory is copied 
digit by digit into the "J" digit-register. Upon comple- 
tion of the "MA" word-cycle, if the tenth-order digit of 
the word just read out from memory is a "9," indicating 
that the algebraic sign of the word is negative, the state 
of line OBM remains FALSE, indicative of the negative 
algebraic sign of the word just read from memory. How- 
ever, if the algebraic sign of the word just read from 
memory is positive, so that line (J9)' is TRUE, the state 
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of flipflop 609S is reversed just prior to completion of 
the previously-initiated "MA" word-cycle, so that line 
OBM is rendered TRUE, indicating that the algebraic 
sign of the word just read from memory is positive. 

Upon completion of the previously-initiated "MA" 
word-cycle, as indicated by line ;MA being rendered 
FALSE, the state of flipflop 6066 is reversed, and lines 
MJ and TS3 are both rendered TRUE thereby. Conse- 
quently a "MJ" word-cycle is thereafter executed, where- 
by the word stored in memory at the address specified 
by section 3 of the instruction register is read out and 
copied digit by digit into the "J" digit-register. Again, 
if the tenth-order digit of the word just read from mem- 
ory and copied digit by digit into the "J" digit-register is 
a "9," indicating that the algebraic sign of the word is 
negative, the state of line J9 is rendered TRUE; other- 
wise, line (J?)' is rendered TRUE. Therefore, if the 
algebraic signs of the two words just read from memory 
are the same, the state of flipflop 6096 is reversed upon 
completion of the previously-initiated "MJ" word-cycle, 
and, as a result, line OBN is rendered TRUE thereby. 
However, if the algebraic signs of the two words just 
read from memory are opposite, the state of line OBN 
remains FAliJE. If it is assumed that the algebraic 
signs of the two words stored in memory at the addresses 
speciSed by sections 2 and 3 of the instruction register 
are of opposite signs, so that line (OBN)' is rendered 
TRUE, the state of flipflop 6107 is reversed upon com- 
pletion of the previously-initiated "MJ" word-cycle, and, 
as a result, line STD is rendered TRUE thereby. When 
line STD is thus rendered TRUE, line TS4 is rendered 
TRUE if the algebraic sign of the word stored in memory 
at the address specified by section 2 of the instruction 
register is positive, as indicated by line OBM being ren- 
dered TRUE. However, if the word stored in memory 
at the address specified by section 2 of the instruction 
register is negative, so that line (OBM)' is rendered 
TRUE instead of line OBM, line TS5 is rendered TRUE 
thereby. As previously described, when line TS5 is ren- 
dered TRUE simultaneously with line STD, a "STD" 
subinstruction is thereafter executed, whereby the con- 
tents of section 5 of the instruction register is stored in 
the word-selecting register. However, if line TS4 is ren- 
dered TRUE simultaneously with line STD, a "STD" 
subinstruction is thereafter executed whereby the contents 
of section 4 of the instruction register is stored in the 
word-selecting register. 

If it be assumed that the words stored in memory at 
the addresses specified by sections 2 and 3 of the instruc- 
tion register are of like algebraic signs, so that line OBN 
is rendered TRUE, the state of flipflop 6100 is reversed 
upon completion of the previously-initiated "MJ" word- 
cycle, and, as a result, lines RSB and TS3 are both ren- 
dered TRUE thereby. Consequently, a "RSB" subcom- 
mand is thereafter executed whereby the word stored in 
memory at the address specified by section 3 of the in- 
struction register is subtracted from the word stored in 
address-A Upon completion of the "RSB" subcom- 
mand, the state of flipflop 6100 is again reversed, so that 
lines RSB and TS3 are both rendered FALSE. If, upon 
completion of the subtraction operation, the word stored 
in memory at the address specified by section 2 of the in- 
struction register is of greater magnitude than the value 
of the word stored in memory at the address specified by 
section 3 of the instruction register, line (PCI)' is ren- 
dered TRUE in the same manner as previously described 
with respect to FIG. 53. However, if the word stored 
in memory at the address specified by section 2 of the in- 
struction register is less than the value of the word stored 
in memory at the address specified by section 3 of the in- 
struction register, line PCI is rendered TRUE instead. 
Thus, it is seen, if line PCI is rendered TRUE simultane- 
ously with line STD, line TS5 is rendered TRUE in order 
to effect the storage of the contents of section 5 of the 
instruction register into the word-selecting register. How- 



ever, if line (PCI)' is rendered TRUE simultaneously 
with line STD, line TS4 is rendered TRUE in order 

to effect the storage of the contents of section 4 of the 
instruction register into the word-selecting register. 

S 86. Detailed Description of CFE Instructions 

During the execution of a "CFE" instruction, the two 
words stored in memory at the addresses specified by the 
contents of sections 2 and 3 of the instruction register 

jQ are first compared for equality. Thereafter, if the values 
of the two words are of equal magnitude, the contents 
of section 5 of the instruction register is thereafter stored 
into the word-selecting register; however, if the values 
of the two words are of unequal magnitudes, the contents 

jg of section 4 of the instruction register is stored into the 
v.'ord-selecting register. 

Listed below in somewhat tabular form, and also 
graphically illustrated by the flow diagram of FIG. 107R, 
is a step-by-step description of the various previously de- 

20 scribed subinstructions to which the computer is sequen- 
tially responsive in executing a "CFE" instruction: 



Step 



25 



3. 
35 

4. 
5. 

40 °- 



Subinstruc- 
tions 



Mr-0-2-. 



IlSl!-3-4 

0P.X(l)^)--5.. 

STD-4-' 

STD-S-* 



Description 



Copy into the Instrnction ro;;ister tlic no xt in- 
struction worn stored in nieniory at tlie 
address specified hy ttie contents of ttie \^'ord- 
seiccting register: tiiereL^fter, if tlie contents of 
scctioti 1 of tlie instruction ref^'ister is "10," 
go to Stc]) 2 in the following: snbjirooxam. 

Copy the nmt word from mcnusry into address- 
A, and siiHulIanennsly there'>> iili, copy tise 
Avorcl disit liy digit into tlie", I" digit-register, 
tile address of llie iie^t word from memor;/ 
being specilVed hy tlie contents of section 2 
of the instruction rci^dstcr; tliereaftcr, po to 
Steps. 

Si!i>triiet the word stored in memory at the 
address specified liy the contents of section 3 
of tlie iiistructioii' register from the word 
stored in Address-A; tilereafter, go to Step 4. 

If the state of line OiiN is 'fRtlt!:, go to Stej) 5; 
otherwise, go to Step ft. 

Copy the eoiitenfsof section 4 of tlie instruction 
regislerinto tlie word-selecting regisicr. 

Copy tile contcjits of section 5 of the instrnction 
register into the word-selecting register. 
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Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next 
instruction word is read out from the particular address 
in memory specified by the contents of the word-selecting 
register and thereafter stored in the instruction register, 
if the contents of section 1 of the instruction register 
thereafter corresponds to the code designation for a 
"CFE" instruction (i.e., "16"), the state of line CFE is 
rendered TRUE in the manner previously described with 
respect to FIG. 56, and, as a result, a "CFE" instruction 
is thereafter executed in the following manner: 

With reference to the composite logical diagram shown 
in FIG. 105, at TIME-1 after line MI is rendered TRUE 
at the beginning of the previously-initiated "Ml" word- 
cycle the state of flipflop 6096 is reversed, so that line 
OBN is rendered FALSE thereby. Upon completion of 
the previously initiated "Ml" word-cycle, as indicated by 
line MIN thereafter being rendered FALSE, the state of 
flipflop 6091 is reversed, so that lines MA and TS2 are 
both rendered TRUE thereby. In response to lines MA 
and TS2 being rendered TRUE, a "MA" word-cycle is 
thereafter executed during which the word stored in 
memory at the address specified by section 2 of the in- 
struction register is read out and stored in address-A; 
simultaneously therewith, the word is also copied digit 
by digit into the "J" digit-register. Upon completion 
of the "MA" word-cycle, the state of flipflop 6091 is 
again reversed, and lines MA and TS2 are both renderec* 
FALSE thereby. When line MA is thus rendered FALSE, 
the state of flipflop 6100 is reversed, so that lines RSB 
and TS3 are both rendered TRUE thereby. Consequent- 
ly, a "RSB" subcommand is thereafter executed, whereby 
the word stored in memory at the address specified by 



3,1 

219 

section 3 of the instruction register is subtracted from the 
word stored in address-A. Upon completion of the 
"RSB" subcommand, the state of fiipflop eiOft is again 
reversed, and lines RSB and TS3 are both rendered 
FALSE thereby. 

As previously described with respect to FIG. 54, line 
ZNi^ from the adder-subtracter is rendered FALSE if 
the remainder resulting from a subtraction operation is 
zero; otherwise, line ZN^ is rendered TRUE 

Therefore, if it is assumed that the value of the word 
stored in address-A and the value of the word stored in 
memory at the address specified by section 3 of the instruc- 
tion register are of unequal magnitudes, so that line ZN0 is 
rendered TRUE upon completion of the "RSB" sub- 
command, the state of fiipflop 6096 is reversed, and line 
OBN is rendered TRUE thereby. Also, when line RSB 
is thus rendered FALSE, the state of fiipflop 6107 is 
reversed, so that line STD is rendered TRUE thereby. 
In response to lines STD and OBN simultaneously being 
TRUE, line TS4 is likewise rendered TRUE. Conse- 
quently, a "STD" subinstruction is thereafter executed, 
whereby the contents of section 4 of the instruction 
register is stored in the word-selecting register. However, 
if it is assumed that the values of the two words stored 
in memory at the addresses specified by sections 2 and 3 
of the instruction register are of equal magnitudes, as 
indicated by line ZN^ being rendered FALSE, the state 
of line OBN remains FALSE upon completion of the 
previously-initiated "RSB" subcommand. Consequently, 
when line STD is rendered TRUE simultaneously with 
line (OBN)', the state of line TS5 is likewise rendered 
TRUE. Consequently, a "STD" subinstruction is there- 
after executed whereby the contents of section 5 of the 
instruction register is stored in the word-selecting register. 

87. Detailed Description of EFT Instructions 

By means of the execution of but a single "EPT" in- 
struction, from one to one hundred words read from 
punched paper tape are stored in sequentially-numbered 
addresses in memory. During the first phase of the 
"EPT' subprogram, the paper tape is caused to be trans- 
lated in a forward direction, during which time data in- 
formation is read therefrom if the value of the low-order 
digit of section 2 of the instruction register is a "0"; how- 
ever, if the low-order digit is a "1," the paper tape is 
caused to be translated in a reverse direction (i.e., re- 
wound), during which time only symbol information is 
read therefrom. 

As previously described with respect to FIG. 88C, the 
total number of words read from the paper tape, to be 
subsequently stored in sequentially-numbered addresses 
in memory, is determined by the number of ten-digit 
words punched in the paper tape between "end-of-frame" 
(EOF) or "alternate-instruction" (AI) symbols. That 
is, the words sequentially read from the tape are stored 
in sequentially numbered addresses in memory until either 
an "EOF" symbol or an "AI" symbol is detected. When 
an "EOF" symbol is detected, zeros are automatically 
stored in the remaining higher-order digital positions of 
the last address, and the computer thereafter proceeds 
to carry out the dictates of the next instruction word 
stored in memory at the address specified by the contents 
of section 5 of the instruction register. During the tape- 
reading operation, the first digit read from the tape is 
stored in the first-order digital position of the address in 
memory specified by the contents of section 3 of the 
instruction register; the next digit read is stored in the 
second-order digital position thereof; and so on, until 
the address specified by the contents of section 3 of the 
instruction register is completely filled. Thereafter, sec- 
tion 3 of the instruction register is incremented by a count 
of "1," and the next ten digits read from the tape are 
stored in the next-higher-order address in memory, the 
above-described sequence of events being sequentially 
repeated until an "EOF" symbol is detected. 
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However, when an "alternate-instruction" (AI) symbol 
is detected, zeros are first stored in any remaining digital 
positions of the last operable address when the "AI" 
symbol is first detected, and, immediately thereafter, the 
5 computer proceeds to carry out the dictates of the next 
instruction word stored in memory at the address specified 
by the contents of section 4 of the instruction register. 
If, however, the digit stored in the low-order digital posi- 
tion of section 2 of the instruction register is a "1" instead 
of a "0," the paper tape is caused to be translated in a 
reverse direction until an alternate-instruction symbol is 
detected, at which time the tape is brought to a standstill, 
and the computer immediately proceeds to carry out the 
dictates of the next instruction word stored in memory 
at the address specified by the contents of section 5 of the 
instruction register. 

Listed below in somewhat tabular form, and also graph- 
ically illustrated by the flow diagram of FIG. 107S, is a 
step-by-step description of the various previously de- 
scribed subinstructions to which the computer is sequen- 
tially responsive in executing a "EPT" instruction: 
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Step 
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Subinstruc- 
tions 



MI-0-2,.. 



30 , 


L0-4-3 


3 


PTl^-0-6 


4 


LI-0-5 


35 5 


PTR-0-6 


6 


TCL-0~7 


7 


EOF-9-8 


40 8 

i) 


i'TS-0-18 

TCL-0-10 


10 


.\I-12-11. 


11 


OBM(3)-0-8-. 


45 12_._.. 


LsS-6-13 


13 


TDA-O-H 


1-1 

50 

15 


AD(l)-0-15... 
TDS-3-10 


16 


D9-G-17 


''J 17 


IN4-0-6 


18 


D9-20-19 


19 

20 

00 

21 


OBMtf)- 

22-23. 
AU(l)-0-21-.. 


KOS-3-18 


22 


STD-5-' 


05 23 


STD-4-* 



Description 



C<n>y into the instniciion register tiie nest 
instruction \vor'l stored in memory at tile 
address specitied by tiie contents of tiie word- 
selecting register; tiicrcafter, if tlie contents 
of .section 1 of the instruction register is " 17," 
go to Step 2 in ttic following subprogram. 

If ttie low-order digit stored in section 2 of tlie 
instruction register is a "0," go to Step 3; 
otlierwise, go to Step 4. 

Tianslate tile paper tape in a forward direction; 
Uiereafter, go lo Slep 6. 

If tlie low-order digit stored in section 2 of the 
instruction register is a" 1 ," go to Step 5. 

Translate the paper tape in a reverse direction; 
tliereafter, go to Step C. 

When tlie output of the paper tape cloclc is 
rendered TRUE, go to Step 7. 

If the digit just read from the ijunclied paper 
tai^e is an end-of frame symbol, go to Step 8; 
otlicrwlse, go to Step 9. 

Stop tlie paper tape; tliereafter, go to Step 18. 

When the output of the pajier tape clock is 
rendered TRUE, go to Step 10. 

If the digit just read from the paper tape is an 
alternate-instruction sjinbol, go to Step 11; 
otherwise, go to Step 12. 

Preset the state of line OBM TRUE; there- 
after, go to Step 8. 

If tbe low-order digit of section 2 of the in- 
struction register is a "0," go to Step 13; 
otherwise, go to Step 6. 

It the character just read from the paper tape 
is a data digit, go to Step 14; otherwise, go to 
Step 0. 

Increment the digit-cotmtcr; thereafter, go to 
Step 15. 

Store the data digit just read from tlie paper 
tape in to the next higher order digital position 
of the memory address specified by the con- 
tents of section 3 of the instruction register; 
thereafter, go to Step IQ. 

If the digit-counter is at a count of "9," go to 
Step 17; otherwise, go to Step 6. 

Increment section 3 of the instruction register; 
thereafter, go to Step 6. 

If the digit-counter is at a count of "9," go to 
Step 19; otherwise, go to Step 20. 

If the state of line OBM is TRUE, go to Step 
23; otherwise, go to Step 22. 

Increment the digit-counter; thereafter, go to 
Step 21. 

Store a zero in the memory address specified 
by the contents of section 3 of the instruction 
register, the digital position being indicated 
by the count ol the digit-cotmter; thereafter, 
go to Step 18. 

Copy the contents of section 6 of the instruction 
register into the word-seieeting register. 

Copy the contents of section 4 of the instruction 
register into the word-selecting register. 



Upon completion of the execution of the previously 
initiated "MI" word-cycle, during which time the next in- 
struction word is read out from the particular address in 
memory specified by the contents of the word-selecting 
register and stored in the instruction register, if the con- 
tents of section 1 of the instruction register thereafter cor- 
responds to the code designation for an "EPT" instruction 
(i.e., "17"), the state of line EPT is rendered TRUE in 
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the manner previously described with respect to FIG. 56, 
and, as an result, a "EPT" instruction is thereafter ex- 
ecuted in the following manner. 

It is to be noted at the outset, however, that the particu- 
lar sequence of operations carried out during the execu- 
tion of an "EPT" instruction is dependent, not only upon 
the contents of section 2 of the instruction register, but 
also upon the condition of the paper-tape reader when the 
"EPT" instruction is first initiated, as previously described 
with respect to that portion of the preceding description 
relating to the format of an "EPT" instruction word. For 
example, a different sequence of operations is executed 
when the "EPT" instruction is first initiated if the contents 
of section 2 of the instruction register is "OO" and a data 
digit is positioned over the tape reading head; if the con- 
tents of section 2 is "00" and an "alternate-instruction" 
symbol digit is positioned over the reading head; if the 
contents of section 2 is "00" and an "end-of -frame" 
symbol digit is positioned over the reading head; if the 
contents of section 2 is "01" and an "end-of-frame" 
symbol digit is positioned over the reading head; or if ihe 
tape unit is in a rewinding cycle of operation. 

Reference is now made to FIGS. 106A and 106B, 
wherein there is illustrated a composite logical diagram of 
particular portions of the computer circuitry utilized in 
executing an "EPT" instruction, and additional reference 
is also made to FIG. 88C, wherein a fragmentary portion 
of the particular perforated tape utilized by a conventional 
paper-tape reader is diagrammatically illustrated. 

It is again to be noted that the particular paper-tape- 
reading mechanism utilized by the present computer is a 
well-known photo-electric type, commercially available 
as Model No. 903, at present manufactured by Potter In- 
strument Company, Inc. The circuitry contained within 
the paper-tape reader is conventionally connected in such 
a way that lines Ta through Td are respectively rendered 
TRUE during a reading operation in response to a per- 
foration located in a corresponding one of data channels 
# 1 through #4; line TDA is rendered TRUE in response 
to a lack of a perforation in channel #6, indicating the 
presence of a data digit over the reading head; line EOF 
is rendered TRUE in response to a perforation located 
in channel #8; line AI is rendered TRUE in response to 
a perforation located in channel #7; line TCL is rendered 
TRUE when a perforation is sensed in clock channel 
CLK; and line REW is rendered TRUE each time the 
tape unit is in a rewinding cycle of operation. 

At the first TIME-1 after the "EPT" instruction is initi- 
ated, the state of flipflop 6061 is reversed, and line TH 
is thereby rendered TRUE; at the second TIME-1, the 
state of flipflop 6061 is again reversed, and line TH is 
thereby rendered FALSE; at the third TIME-1, the state 
flipflop 6061 is aagin reversed, so that line TH is thereby 
rendered TRUE; and so on. Each time line TH is ren- 
dered TRUE, lines TS3 and JM are likewise rendered 
TRUE. Therefore, if it is now assumed that "00" is 
stored in section 2 of the instruction register and that one 
of the data digits "0" through "9" is positioned over the 
reading head when the "EPT" instruction is first initiated, 
the output of gate 1570 experiences a TRUE-to-FALSE 
reversal of state upon completion of the previously-initi- 
ated "MI" word-cycle when line MIN is thereafter ren- 
dered FALSE. As a result, the state of flipflop 6087 is 
reversed, so that line GC is rendered TRUE thereby. 
However, approximately forty microseconds later, at 
TIME-1, the state of flipflop 6087 is reversed by gate 
1571, so that line GC is rendered FALSE thereby. Also, 
when line MIN is rendered FALSE upon completion of 
the previously-initiated "MI" word-cycle, the state of flip- 
flop 6098 is reversed, so that line ROS is thereby ren- 
dered TRUE. After line ROS is rendered TRUE, the 
state of flipflop 6061 is reversed when line GC is ren- 
dered FALSE, and, as a result, line TH is rendered TRUE 
thereby and remains TRUE for a period of approximately 
two hundred microseconds, at which time the state of 



flipflop 6061 is again reversed, so that line TH is thereby 
rendered FALSE. As shown in FIG. 61, the state of line 
AD is rendered FALSE at TIME-3 after line TH is ren- 
dered TRUE, and thereby causes the digit-counter to be 

5 incremented from a count of "9" to a count of "0." 

During the two hundred-microsecond interval during 
v/hich time line TH is TRUE, line MXW (FIG. 60) is 
rendered TRUE each time the binary bit indicating output 
of the serializer is indicative of a binary "1" as evidenced 

jQ by line TDS being rendered TRUE. Consequently, in 
response to lines TS3 and JM both being rendered TRUE 
when TH is rendered TRUE, a "JM" digit-cycle is initi- 
ated, so that the data digit read from the tape is there- 
after stored directly into memory at the first-order digital 

j5 position of the address indicated by the contents of sec- 
tion 3 of the instruction register. Thereafter, the state 
of flipflop 6061 (FIG. 106A) is reversed and lines TH, 
TS3, and JM are rendered FALSE thereby. 

It is to be noted that, even though line JM is thus ren- 

20 dered TRUE, any digit previously stored in the "J" digit- 
register is not stored in memory in the normal manner via 
the "JM" digit-cycle, due to the fact that the output of 
gate 1090 is rendered FALSE all during the execution of 
an "EPT" instruction. Consequently, line JM is rendered 

25 TRUE only to cause a digit cycle to be initiated, so that 
the digit read from the tape is directly stored in memory 
via gate 1092, which is controlled by the "EPT" instruc- 
tion. It is also to be noted that, even though lines PTF 
and PTS are rendered TRUE and FALSE, respectively, 

30 when line ROS is rendered TRUE, thus releasing the tape- 
braking mechanism and thereby permitting the tape to 
thereafter be translated in a forward direction at constant 
velocity, sufficient time elapses before the tape actually 
begins to move, due to the inertia of the moving parts of 

35 the tape reader, to thus allow the data digit initially posi- 
tioned over the reading head to be read and thereafter 
stored in the designated address in memory before being 
moved away from the reading head. 

However, when the tape is translated in a forward di- 

40 rection to the point where the second-order digit is posi- 
tioned over the reading head, line (TCL)' from the clock 
channel output circuitry experiences a TRUE-to-FALSE 
reversal of state. As a result, the state of flipflop 6087 is 
reversed due to a reversal of state of the output of gate 

^g 1569, and line GC is again rendered TRUE thereby. At 
TIME-1 thereafter, the state of flipflop 6087 is again re- 
versed, and line GC is rendered FALSE. When line GC 
is thus rendered FALSE, the state of flipflop 6061 is again 
reversed and line TH thereafter rendered TRUE for a sec- 

gO ond two hundred-microsecond period, during which time 
the second-order digit read from the tape is stored in the 
second-order digital position of the address in memory 
specified by the contents of section 3 of the instruction 
register. As shown in FIG. 61, at TIME-3 after line TH 

gg is rendered TRUE for the second time, the state of line 
AD is again rendered FALSE and thereby causes the 
digit-counter to be incremented from a count of "0" to a 
count of "I." 

As long as line ROS remains TRUE, the above-de- 

glj scribed sequence of events is sequentially repeated until 
the tenth digit read from the tape is stored in the tenth- 
order digital position of the address in memory specified 
by the contents of section 3 of the instruction register, at 
which time the digit-counter is incremented to a count of 

gg "9" as indicated by line D9 being rendered TRUE. How- 
ever, following the third bit-time period after line TH is 
rendered TRUE, the state of line IN4 is reversed from 
TRUE to FALSE. As a result, section 3 of the instruc- 
tion register is incremented by a count of "I." There- 

^Q after, the next group of ten digits read from the tape is 
stored in memory at the address now specified by the 
contents of section 3 of the instruction register. 

After an end-of-frame or an alternate-instruction sym- 
bol is detected, the state of flipflop 6098 is reversed due 

75 to a reversal of state of a corresponding one of lines EOF 
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and AI. Consequently, line ROS is rendered FALSE and 
thereby prevents line MXW (FIG. 60) from thereafter 
being rendered TRUE. After line (ROS)' is thus ren- 
dered TRUE, the state of flipflop 6061 is continued to be 
reversed at each TIME-1 and thereby causes line TH to 
be rendered TRUE for successive two hundred-micro- 
second periods until the digit-counter reaches a count of 
"9." However, in the event the digit-counter is already 
at a count of "9" when a symbol is detected, indicating 
that the address specified by the contents of section 3 of 
the instruction register is completely filled with signifi- 
cant digits, the state of flipflop 6061 is prevented by line 
(D9)' from being so reversed. Consequently, a zero is 
stored in each of the higher-order digital positions re- 
maining unfilled in the last-designated address when a 
symbol is detected. 

When line ROS is thus rendered FALSE, line PTF is 
rendered FALSE and line PTS is simultaneously rendered 
TRUE to thereby cause immediate energization of the 
forward tape-breaking mechanism, so that the paper tape 
is brought to a sudden standstill. Also after line (ROS)' 
is rendered TRUE, the state of flipflop 6107 is reversed 
when line AN is subsequently rendered FALSE, indicat- 
ing completion of the previously-initiated "JM" digit- 
cycle. When line STD is thus rendered TRUE, one of 
lines TS4 or TS5 is simultaneously rendered TRUE, 
depending upon whether the symbol just detected is an 
alternate-instruction symbol or an end-of-frame symbol. 
If the character just detected is an alternate-instruction 
symbol, the state of flipflop 6095 is reversed, and line 
OBM is rendered TRUE. However, if the character 
just detected is an end-of-frame symbol, the state of line 
OBM remains FALSE. 

It is evident, therefore, that when line STD is rendered 
TRUE, line TS4 is likewise rendered TRUE if an alter- 
nate-instruction symbol is detected, whereas line TS5 
is rendered TRUE if an end-of-frame symbol is detected. 
In response to lines STD and TS4 being rendered TRUE, 
a "SITD" subinstruction is thereafter executed, whereby 
the contents of section 4 of the instruction register is 
stored in the word-selecting register, whereas, in response 
to lines STD and TS5 being rendered TRUE, a "STD" 
subinstruction is thereafter executed, whereby the con- 
tents of section 5 of the instruction register is stored in 
the word-selecting register, thus terminating the sequence 
of events initiated in response to the "EPT" instruction. 

It is next assumed that the contents of section 2 of the 
instruction register is "00" and an alternate-instruction 
symbol is positioned over the reading head when the 
"EPT" instruction is first initiated. As before, the state 
of flipflop 6098 is reversed, so that line ROS is rendered 
TRUE upon completion of the previously-initialed "MI" 
word-cycle. As a result of line ROS thus being rendered 
TRUE, line PTF is rendered TRUE, whereas line PTS 
is rendered FALSE thereby. Consequently, the forward 
braking mechanism of the paper-tape reader is de-ener- 
gized, so that the paper tape is thereafter translated in 
a forward direction at a constant velocity. However, as 
soon as the tape is translated forward, so that the alter- 
nate-instruction symbol is no longer disposed over the 
reading head, line AI is rendered FALSE, and, as a result, 
the state flipflop 6098 is again reversed, so that line ROS 
is rendered FALSE thereby. In addition, when line AI 
is thus rendered FALSE, the state of flipflop 6095 is also 
reversed, so that line OEM is rendered TRUE thereby. 
In response to line (ROS)' initially being rendered 
FALSE, the state of flipflop 6107 is reversed, so that line 
STD is rendered TRUE thereby. Therefore, when line 
OBM is subsequently rendered TRUE as a result of the 
alternate-instruction symbol being moved away from the 
reading head, line TS4 is likewise rendered TRUE. In 
response to lines STD and TS4 being rendered TRUE, a 
"STD" subinstruction is thereafter executed, whereby 
the contents of section 4 of the instruction register is 
stored in the word-selecting register. In addition, line 



PTF is rendered FALSE and line PTS is rendered TRUE 
as a result of line ROS being rendered FALSE. Conse- 
quently, the forward braking mechanism is again ener- 
gized in a manner such that the paper tape is brought 

5 to a sudden standstill. 

It is next assumed that, when the "EPT" instruction 
is first initiated, the contents of section 2 of the instruc- 
tion register is "00" and an end-of-frame symbol is dis- 
posed over the reading head. As before, the state of 

10 flipflop 6098 is reversed when line MIN is rendered 
FALSE upon completion of the previously-initiated "MI" 
word-cycle, so that line ROS is rendered TRUE thereby. 
As a result of line ROS thus being rendered TRUE, line 
PTF is likewise rendered TRUE, whereas line PTS is 

15 rendered FALSE. Consequently, the forward braking 
mechanism is de-energized, so that the tape is thereafter 
caused to be translated in a forward direction at a con- 
stant speed, during which time the data information read 
from the tape is stored in memory in the same manner 

20 as previously described. When an alternate-instruction 
symbol is subsequently detected, the states of both of 
flipflops 6095 and 6098 are reversed, so that line OBM 
is rendered TRUE and line ROS is rendered FALSE 
thereby. As a result of line ROS being rendered FALSE, 

25 line PTS is rendered TRUE, whereas line PTF is ren- 
dered FALSE. Consequently, the forward braking mech- 
anism is energized, so that the tape is brought to a stand- 
still. When line AN is subsequently rendered FALSE 
after line (ROS)' is rendered TRUE, the state of flipflop 

SO 6107 is reversed, so that line STD is rendered TRUE. 
As line OBM is also TRUE at this time, line TS4 is 
rendered TRUE when line STD is thus rendered TRUE. 
Thereafter, a "STD" subinstruction is executed, whereby 
the contents of section 4 of the instruction register is 

3.5 stored in the word-selecting register. It is to be noted 
that, if an end-of-frame symbol had been detected, in- 
stead of an alternate-instruction symbol, the state of flip- 
flop 6098 is reversed, as before, and thereby causes the 
forward braking mechanism to be energized. However, 

*0 a "STD" subinstruction is thereafter executed, whereby 
the contents of section 5 of the instruction register, instead 
of section 4, is stored in the word-selecting register. 

It is next assumed that, when the "EPT" instruction 
is first initiated, the contents of section 2 of the instruc- 

45 tion register is "01" and a data digit is disposed over the 
reading head. Therefore, when line ROS is rendered 
TRUE upon completion of the previously-initialed "MI" 
word-cycle, as before, line PTR is rendered TRUE and 
line PTS is rendered FALSE. Consequently, the reverse 

50 tape braking mechanism is de-energized, so that the tape 
is thereafter translated in a reverse direction at a maxi- 
mum constant speed. After the tape is being translated 
in a reverse direction, line GC is sequentially being ren- 
dered TRUE and FALSE by flipflop 6087, as before. 

55 However, due to the fact that the low-order digit of sec- 
tion 2 of the instruction register is now a "1", so that the 
state of line L<p is FALSE, the state of line TH remains 
FALSE and thereby prevents any data read from the 
tape from being stored in memory at the address specified 

60 by section 3 of the instruction register. When an end- 
of-frame symbol is subsequently detected, the state of 
flip-flop 6098 is again reversed, and line ROS is rendered 
FALSE thereby. When line ROS is thus rendered 
FALSE, line PTR is likewise rendered FALSE, while 

65 line PTS remains FALSE and the tape continues to be 
rewound. Approximately forty microseconds after line 
(ROS)' is rendered TRUE, the state of flipflop 6107 is 
reversed, and lines STD and TS5 are both rendered 
TRUE thereby. Consequently, a "STD" subinstruction 

70 is thereafter executed, whereby the contents of section 5 
of the instruction register is stored in the word-selecting 
register. 

As previously mentioned, line REW is rendered TRUE 
each time the tape is being translated in a reverse direc- 

75 tion. Consequently, while the tape is being translated 
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in a reverse direction and the computer is in the process 
of executing another instruction than "EPT," if an al- 
ternate-instruction symbol is subsequently detected, so 
that line AI is rendered IRUE, line PTS is rendered 
TRUE to effect imymediate energization of the reverse 
braking mechanism and thereby cause the tape to be 
brought to a sudden standstill. 

When the "EPT" instruction is first initiated, if the 
contents of section 2 of the instruction register is "01" 
and an end-of-frame symbol is disposed over the reading 
head, line ROS is rendered TRUE, as before, upon com- 
pletion of the previously-initiated "MI" word-cycle. 
When line ROS is thus rendered TRUE, line PTR is like- 
wise rendered TRUE, and, as a result, the reverse brak- 
ing mechanism is de-energized, so that the paper tape is 
thereafter translated in a reverse direction, as before. 
When an end-of-frame symbol is thereafter detected, the 
state of flipflop 6098 is again reversed, and lines ROS and 
PTR are both rendered FALSE. Approximately forty 
microseconds after line ROS is rendered FALSE, lines 
STD and 1^5 are rendered TRUE by a reversal of state 
of flipflop 6107. As a result, the contents of section 5 
of the instruction register is stored in the word-selecting 
register. The paper tape, however, continues to be trans- 
lated in a reverse direction until an alternate-instruction 
symbol is detected, at which time line PTS is rendered 
TRUE. As previously described, as a result of lines PTS 
and PTR being rendered TRUE and FALSE, respectively, 
the reverse braking mechanism is energized and thereby 
causes the paper tape to be brought to a sudden stand- 
still. 

It will next be assumed that, when the "EPT" instruc- 
tion is first initiated, the contents of section 2 of the in- 
struction register is "01" and an alternate-instruction 
symbol is disposed over the reading head. As before, 
line ROS is rendered TRUE by a reversal of state of flip- 
flop 6098 when line MIN is rendered FALSE upon com- 
pletion of the previously-initiated "MI" word-cycle. 
When line ROS is rendered TRUE, line PTR is rendered 
TRUE and thereby causes de-energization of the reverse 
braking mechanism, so that the paper tape is thereafter 
translated in a reverse direction. 

When an end-of-frame symbol is subsequently detected, 
the state of flipflop 6098 is reversed, so that lines ROS 
and PTR are both rendered FALSE thereby. Approx- 
imately forty microseconds after line ROS is rendered 
FALSE, the state of flipflop 6107 is reversed, so that lines 
STD and TS5 are both rendered TRUE. Thereafter, a 
"STD" subinstmction is executed, whereby the contents 
of section 5 of the instruction register is stored in the 
word-selecting register. Upon subsequent detection of 
an alternate-instruction symbol, line PTS is rendered 
TRUE and thereby causes energization of the reverse 
braking mechanism, whereby the tape is brought to a 
sudden standstill. 

Finally, it is assumed that the paper tape mechanism is 
in a rewinding cycle of operation when the "EPT" instruc- 
tion is first initiated and "00" is stored in section 2 of the 
instruction register. As before, the state of flipflop 6098 
is reversed and line ROS rendered TRUE when line M!N 
is subsequently rendered FALSE upon completion of the 
previously-initiated "MI" word-cycle. When an alter- 
nate-instruction symbol is thereafter detected, the states 
of flipflop 6098 and 6095 are both reversed, so that lines 
ROS and OBM are rendered FALSE and TRUE, respec- 
tively. However, approximately forty microseconds after 
line ROS is rendered FALSE, the state of flipflop 6107 is 
reversed, so that lines STD and TS4 are both rendered 
TRUE thereby. As a result, the contents of section 4 of 
the instruction register is thereafter stored in the word- 
seleoting register. Also, when the alternate-instruction 
symbol is detected, line PTS is rendered TRUE and there- 
by causes the reverse braking mechanism to be energized 
and the tape to be brought to a sudden standstill. 
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88. Detailed Description of Paper Tape 
Punching Operation 

There have previously been described in detail various 
modes of operations capable of being executed by the 

" computer whereby words indexed into the accounting 
machine keyboard, or taken from the totalizers therein, 
are subsequently stored in selected addresses in memory 
via execution of an "EKW" instruction; whereby words 
stored in selected addresses in memory are subsequently 

^^ printed out on recording media via execution of a "POW" 
instruction; whereby words stored in selected addresses 
in memory are magnetically recorded on a ledger card 
via execution of a "ROC" instruction; whereby words are 
magnetically read from a ledger card and subsequently 
stored in selected addresses in memory via execution of 
an "ECW" instruction; and whereby words are read from 
punched paper tape and subsequently stored in selected 
addresses in memory via execution of an "EPT" instruc- 

There will now be described another mode of opera- 
tion capable of being executed by the computer whereby 
words stored in selected addresses in memory, or either 
indexed into the keyboard or taken from the totalizers of 
the accounting machine, are subsequently recorded on 
punched paper tape. 

It is assumed that, prior to the initiation of a punching 
cycle of operation, the carriage of the accounting ma- 
chine is stationary and is located in a columnar position 
such that plate 214 (FIG. 13), hence switch-operating 
studs 215 and 216, is positioned adjacent switch plungers 
217 and 218, as illustrated by the dotted lines therein. 
It is further assumed that the paper-tape-punching mech- 
anism (FIG. 44H) is properly loaded with a suitable sup- 
ply of paper tape, and that switch ST43 (FIG. 86) has 
'' previously been closed by the operator, thus causing the 
direct-current power supply, which supplies the necessary 
unidirectional operating potential to the control circuitry 
of the paper-tape-punching mechanism, to be energized 

.p thereby in a well-known manner. Upon the machine 
carriage reaching the just-assumed position, the forward 
extension of plate 214 (FIG. 13) engages the roller por- 
tion of the arm 153- in a manner such the arm 153 is 
deflected counter-clockwise, as viewed, to the extent that 
switch SC41 is actuated thereby. When switch SC41 is 

45 thus actuated, contacts SC41— 1 and SC41 — 2 (FIG. 86) 
are closed, and contacts SC41 — 3 (FIG. 82) are opened 
thereby. 

It will now be assumed that a cycle of operation of 
the accounting machine has just been initiated in re- 

50 sponse to an enter-keyboard-words (EKW), print-out- 
words (POW), or motor bar (MB) instruction, so that 
the amount racks are subsequently diflferentially posi- 
tioned indicative of the word read out from memory, or 
just entered in the keyboard, of taken from a totalizer 

55 of the accounting machine. 

With continued reference to FIG. 86 and also to the 
timing chart shown in FIG. 87C, after a cycle of op- 
eration of the accounting machine is initiated, so that 
the main cam shaft 588 of the machine is rotated clock- 

^0 wise, as viewed in FIG. 44B, through an angular dis- 
tance of approximately 126 degrees from the position 
sliown, the contacts of switch SC49 are closed due to 
the engagement of the cam 592 with the actuator there- 
of. Closure of the contacts of switch SC49 completes 

^^ the circuit through solenoid L47 (FIG. 86) and thus 
effects energization thereof. With reference to FIG. 13, 
as a result of solenoid L47 thus being energized, its 
armature is caused to be rotated counter-clockwise, as 

_. viewed, thereby causing the stud 226 to deflect the lever 
223 clockwise and thus shift the switch basket upward- 
ly iintiJ selected ones of the plungers 217 and 218 are 
respectively engaged with predetermined ones of the studs 
215 and 216. As a result of such engagement, prede- 

75 tcrmincd ones of the plungers 218 in the rightmost row 
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and predetermined ones of the plungers 217 in the left- 
most row are simultaneously depressed and latched in 
their downwardly-deflected positions, and, additionally, 
remaining ones of any previously-depressed and -latched 
plungers are caused to be released simultaneously there- 
with. After the main cam shaft of the machine is ro- 
tated through an angular distance of approximately 168 
degrees, the movable arm of switch SC48 (FIG. 44B) 
is effectively deflected downwardly due to the engage- 
ment of the cam 592 with its actuator. When the mov- 
able arm of switch SC48 is deflected downwardly from 
the position shown in FIG. 86, solenoid L47 is de-ener- 
gized, whereas solenoids L45 and L46 are both caused 
to be energized thereby. With reference back to FIG. 
13, when solenoid L47 is thus de-energized, the switch 
basket is spring-urged back to its initial starting posi- 
tion, as shown. As la result of the basket return, the 
electrically-non-conductive tip 228, carried on the low- 
ermost end of each of the plungers 217 and 218, engages 
and thus deflects downwardly the topmost one of a cor- 
responding stack of svifitch blades 229, which stacks are 
arranged in twenty rows, with each row corresponding 
to a different one of the plungers 217 and 218. It is 
appreciated, of course, that there are ten of the plungers 
217 arranged in a leftmost row and there are ten of the 
plungers 213 arranged in a rightmost row. When the 
uppermost one of the switch blades 229 is deflected down- 
wardly, all of the switch blades located in that particu- 
lar stack are electrically connected together until the 
solenoid L47 is again energized and thereby again causes 
the switch basket to be moved upwardly in the same man- 
ner as previously described. 

With reference to FIG. 45D, there is illustrated there- 
in a block diagram of the electrical circuitry which is 
utilized by the paper-tape-punching mechanism and 
which is substantially identical with that shown and de- 
scribed in co-pending United States patent application 
Serial No. 634,260, filed by Richard C. Simmerman and 
Melvin T. Roudebush on January 15, 1957, and as- 
signed to the present assignee, now United States Pat- 
ent No. 2,922,141, issued January 19, 1950. The tape- 
punch control circuitry, the rear form bar circuitry, and 
the rack read-out circuitry are herein shown and de- 
scribed in detail with respect to FIGS. 86, 13, and 3B, 
respectively. Due to the fact that a detailed description 
of the program selection, serializer, and punch magnet 
control circuitry is to be found in the just-mentioned co- 
pending application, a further detailed description there- 
of is not deemed necessary to again be given herein. 
Suffice it to say that the pattern of selective closure of 
the switches 229 (FIG. 13) causes a predetermined tape- 
punching program within the paper tape recorder to be 
selected in the same manner as described in the just-men- 
tioned co-pending application. 

Just prior to de-energization of solenoid L47, the vari- 
ous amount racks are assumed to be differentially posi- 
tioned indicative of a word just read from memory, just 
entered from the accounting machine keyboard, or just 
taken from a selected one of the totalizers of the ma- 
chine, all in the same manner as previously described 
with respect to the "EKW," "POW," and "MB" instruc- 
tions, so that the aligner bar 72 (FIG. 3A) is in engage- 
ment with the aligner notches formed on the lower end 
of the member 58. Thus, with reference now to FIGS. 
3B and 9, when the solenoids L45 and L46 are ener- 
gized, the shaft 197 is rotated clockwise, as viewed in 
FIG. 3B, so that the switch basket 171 is lowered there- 
by to a position sufficient to cause engagement of the 
lowermost end of one of the spring clip members 184 in 
each of the ten columns thereof, as illustrated in FIG. 
9, with a corresponding raised cam surface 205, which 
is formed on the topmost side of the rightmost end of 
each of the extensions of the amount racks. Conse- 
quently, due to such engagement of the spring clip mem- 
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bers 184 with the cams 205, corresponding ones of the 
members 184, one in each column, are latched in an up- 
v/ardly-deflected position, all in the manner previously 
described. Thereafter, the latched chp members collec- 
tively represent the differentially-set digital valued posi- 
tions of the amount racks. 

After the main cam shaft of the accounting machine 
is rotated an angular distance of approximately 182 de- 
grees, the actuator of the switch SC49 (FIG. 44B) is 
released from engagement with the cam 592. As a re- 
suit of the release of the actuator of the switch SC49, 
the contacts thereof are thereby opened. With reference 
back to FIG. 86, when the contacts of switch SC49 are 
opened, as shown, solenoids L45 and L46 are de-ener- 
gized thereby. As a result of solenoids L45 and L46 
thus being de-energized, the lower switch basket 171 
(FIG. 3B) is caused to be spring-urged upwardly, so 
that all latched ones of the clipmembers 184 are there- 
by brought into engagement with, and thus short-circuit, 
corresponding ones of the spring-clip members 177, all 
in the same manner as previously described with respect 
to FJO. 12. 

When the main cam shaft of the accounting machine 
is rotated an angular distance of approximately 213 de- 
grees, the cam 593 (FIG. 44G) engages the actuator of 
switch SC42, so that its normally-opened contacts are 
closed thereby. With reference to FIG. 86, due to the 
fact that relay solenoid K3 is normally energized, so 
that contacts K3 — 3 are closed thereby, relay solenoid Kl 
is caused to be energized when the contacts of switch 
SC42 are thus closed. When relay solenoid Kl is ener- 
gized, contacts Kl — 1 are opened and thereby cause a 
300-ohm resistor to be connected in series with relay 
solenoid Kl, contacts Kl — 2 are closed, contacts Kl — 3 
are opened, contacts Kl — 4 are closed, contacts Kl — 5 
are opened and thereby cause relay solenoid K3 to be 
de-energized, contacts Kl — 6 are closed and thereby 
maintain relay solenoid Kl energized, and contacts 
Kl — 7 (FIG. 82) are opened and thereby cause the state 
of line GO to be rendered FALSE, thus indicating that 
a punching cycle of operation is just initiated. At ap- 
proximately 264 degrees of rotation of the main cam 
shaft, the actuator of switch SC42 (FIG. 44G) is re- 
leased by the cam 593, so that the contacts of switch 
SC42 are allowed to open as illustrated in FIG. 86. 

After relay solenoid Kl is energized, the accounting 
machine independently continues to complete its cycle 
of operation in the same manner as previously described. 
However, in response to relay solenoid Kl thus being 
energized, a cycle of operation of the punching mech- 
anism is thereafter executed in the same manner as de- 
scribed in detail in the before-referred-to co-pending ap- 
plication Serial No. 634,260, whereby the amount col- 
lectively represented by the short-circuited conditions of 
the spring clip members 177 is caused to be recorded 
on the paper tape via the paper-tape-punching mecha- 
nism shown and described in detail with respect to FIG. 
44H. 

If it is assumed that the word indexed into the ac- 
counting machine keyboard, as collectively represented 
by the short-circuited conditions of the spring clip mem- 
bers 177 (FIG. 3B), is a negative amount, as indicated 
by a depression of the reverse-entry key, the movable 
arm of switch SC46 (FIG. 44A) is actuated, so that 
its normally opened contacts are closed upon depres- 
sion of the reverse entry key REV. With reference to 
FIG. 86, as the contacts of switch SC4* are thus closed 
prior to the closure of the contacts of switch SC42, relay 
solenoid KS is energized simultaneously with relay sole- 
noid Kl when the contacts of switch SC42 are subse- 
quently closed in the manner just described. When re- 
lay solenoid KS is thus energized, contacts K5 — 1 are 
opened, whereas contacts KS — 2 are closed and thereby 
maintain relay solenoid KS energized even though con- 
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tacts SC42 are subsequently opened. In response to re- 
lay solenoid K5 thus being energized, a symbol repre- 
senting an opposite algebraic sign to that which was pro- 
gram-selected is punched in the paper tape. 

However, if it is assumed that the word stored in 
memory to be subsequently read out and recorded on 
punched paper tape is the complement of a negative 
number, a different sequence of events from that just 
described is initiated. As previously described with re- 
spect to FIG. 37, a credit-balance cycle of operation is 
automatically initiated when solenoid CBS is selectively 
energized. Also, when credit balance key "CR. BAL." 
(FIG. 2) is depressed, a credit-balance operation is carried 
out when a cycle of operation of the accounting macliine 
is subsequently initiated. 

As previously described with respect to FIGS. 44D 
and 44F, when a credit-balance cycle of operation is 
initiated and the main cam shaft thereafter rotated an 
angular distance of approximately thirty degrees, the 
overdraft cam shaft 601 is coupled through the gear 604 
to the main cam shaft 588 in such a manner that the 
overdraft cam shaft is thereafter rotated at exactly one 
half the speed of the main cam shaft. Thus, when a 
machine cycle is initiated and the overdraft cam shaft 
601 thereafter is rotated an angular distance of approxi- 
mately ten degrees, the normally-closed contacts of 
switch SC45 (FIG. 44C) are released by the cam 612 
and are thus opened thereby. With reference to FIG. 
86, when the contacts of switch SC45 are opened, relay 
solenoid Kl is prevented from being energized and there- 
by initiating a tape-recording operation during the first 
cycle of the credit-balance operation of the accounting 
machine. However, after the overdraft cam shaft is ro- 
tated through an angular distance of approximately 165 
degrees, during which time the main cam shaft is ro- 
tated one complete revolution, the contacts of switch 
SC45 are caused to be closed by the cam 612 and remain 
closed during the second cycle of the credit-balance op- 
eration of the accounting machine. Thus, relay sole- 
noid Kl is allowed to be energized in the manner pre- 
viously described only during the second cycle of op- 
eration of the accounting machine when a credit-balance 
operation is being carried out. 

After the overdraft cam shaft 601 is rotated an angu- 
lar distance of approximately 260 degrees, the normally- 
opened contacts of switch SC47 (FIG. 44E) are caused 
to be closed by the cam 613. With reference to FIG. 
86, when the contacts of switch SC47 are closed, relay 
solenoid K5 is thereafter permitted to be energized when 
contacts SC42 are subsequently closed and thereby cause 
energization of relay solenoid Kl in the same manner as 
previously described. Energization of relay solenoid 
K5 causes contacts K5 — 2 to be closed and thereby main- 
tain relay solenoid K5 energized, as before. After relay 
solenoid K5 is energized, the cycle of operation subse- 
quently carried out is exactly the same as just described 
with respect to the "reverse-entry" cycle of operation. 
After the overdraft shaft is rotated an angular distance 
of approximately 290 degrees, relay solenoid K5 remains 
energized even though the contacts of switch SC47 are 
caused to be opened by the cam 613. 

89. Operator Controls 

As previously mentioned with respect to FIG. I, lo- 
cated on the front of the right-hand portion of the com- 
puter cabinet is a control panel 15, having mounted 
thereon four push button controls, S0l — S^2, Sll — S12, 
SPl — SP2, and RSI, each of -which, when depressed, 
initiates a particular cycle of operation of the computer. 
That is, when either of the four just-mentioned push 
buttons is depressed, the particular cycle of operation 
associated with that particular push button is thereafter 
carried out, regardless of the particular portion of the 75 
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program the computer is currently in the process of 
executing. 

For example, when push button S0l — S02 is depressed, 
the word-selecting register is preset to "00" via line PWi^. 
Immediately thereafter, the word stored in memory ad- 
dress ^'<})<P" is read out and stored in the instruction regis- 
ter, and the particular cycle of operation dictated by that 
particular instruction word is thereafter executed. When 
push button Sll — S12 is depressed, the word-selecting 
register is preset to "01," via line PWl, and the particular 
cycle of operation dictated by the word stored in memory 
address "01" is immediately executed thereafter. How- 
ever, when push button SPl — SP2 is depressed, the in- 
struction register is preset to 0000009900. Immediately 
thereafter, the particular cycle of operation dictated by 
the contents of the instruction register is executed; i.e., 
"Enter-keyboard-words into memory addresses 00 
through 99 with an upper motor bar 'touch' operation 
and a normal decimal-point lamp illumination." When 
reset push button RSI is depressed, the states of substan- 
tially all of the control-counter flipflops are simultaneous- 
ly so conditioned that the reference outputs thereof are 
thereafter rendered FALSE via line (RS)'. Thereafter, 
the computer remains in a standby or neutral condition 
until one of push buttons S0l— S02, Sll— S12, or SPl— 
SP2 is subsequently depressed. Also, as previously de- 
scribed, when the computer is first turned "ON," a neu- 
tral or standby condition is effected by line (RS)'. After 
the computer is in a neutral or standby condition, de- 
pression of one of push buttons S0I — S02, Sll — S12, or 
SPl — SP2 is necessary in order to initiate a subsequent 
cycle of operation thereof. 

Located on the right side of the control panel 15 are 
two additional push buttons, ATI — AT2 and MNl — 
MN2, which, when depressed, respectively condition the 
computer for a subsequent automatic or a manual mode 
of operation. For example, when automatic-mode push 
button ATI — AT2 is depressed and locked, the computer 
thereafter successively carries out the dictates of one in- 
struction word after another in a fully automatic manner. 
That is, upon the execution of each instruction, the next 
successive instruction is executed without substantially 
any delay therebetween. When manual-mode-selection 
push button MNl — MN2 is depressed, the automatic- 
mode-selection push button, if depressed, is released, and 
the word stored in memory at the address specified by the 
contents of the word-selecting register is thereafter read 
out and stored in the instruction register, and the particu- 
lar cycle of operation dictated by that particular instruc- 
tion word is thereafter executed. Upon the execution of 
that particular instruction, all subsequent operations with- 
in the computer cease until the manual or automatic 
mode-selection push button is thereafter depressed. Thus, 
the manual mode-selection push button is capable of be- 
ing utilized whenever it is desired for the computer to 
proceed through a program in a step-by-step manner. 

Also located on the control panel 15 are five columns 
of lamps, with four lamps per column, which provide a 
visual indication, in binary-coded-decimal form, of the 
tv/o-decimal-digit numbers stored in sections 1 and 5 of 
the instruction register. For example, counting from left 
to right, the lowermost lamps in columns # 1 and #2 are 
simultaneously illuminated whenever the contents of sec- 
tion I of the instruction register is "11"; the lowermost 
lamp in column #1 and the uppermost lamp in column 
#2 are simultaneously illuminated whenever the con- 
tents of section I of the instruction register is "18"; the 
two uppermost lamps in columns #4 and #5 are simul- 
taneously illuminated whenever the contents of section 
5 of the instruction register is "88"; the two uppermost 
and the two lowermost lamps in columns #4 and #5 are 
simultaneously illuminated whenever the contents of sec- 
tion 5 of the instruction register is "99"; and so on. 
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With the exception of push button RSI, which has 
previously been shown and described in detail with re- 
spect to FIG. 76, there is logically illustrated in FIG. 84 
the electrical circuitry associated with each of the just- 
described push buttons. When either one of the push 
buttons is depressed, the state of a corresponding one of 
flipflops 6134 through 6139 is reversed, so that the stale 
of the reference output line therefrom is rendered 
TRUE. However, when that particular push button is 
released, the state of the corresponding flipflop is again 10 
reversed, so that the reference output therefrom is ren- 
dered FALSE. In view of the foregoing detailed de- 
scription of the logical circuitry associated with each of 
the various instructions, it is readily determinable that, 
when the reference output of any one of flipflops 6134 15 
through 6139 experiences a TRUE-to-FALSE reversal 
of state, the particular cycle of operation associated with 
the corresponding push button is thereafter executed, 
whereby the before-stated end results are attained; con- 
sequently, a further detailed description of the cycle of 
operation initiated by depression of each of the foregoing 
push buttons is not deemed necessary in order to insure 
a full and complete comprehension of the various novel 
aspects of the present invention. 

90. Detailed Description of a Payroll 
Program Application 

In order to facilitate a more complete understanding 
and appreciation of the overall features and functions of 
the various aspects of the present computer as to its adapta- 
bility and applicability to be effectively utilized in sub- 
stantially any of the various record-keeping systems, 
an exemplary application with respect to a typical pay- 
roll record-keeping and check-writing operation will next 
be described. 

It is first assumed that a typical employee's earnings 
record or ledger card, such as that illustrated in FIG. 
88A, is to be utilized and, in addition to the two posting 
lines of information previously printed on its face, as 
illustrated, also has magnetically recorded on the ferro- 
magnetic strip 306 the employee's clock number, earn- 
ings rate, number of dependents, union dues, community 
chest deduction, bond deduction, credit union deduction, 
insurance deduction, lannuity deduction, total gross earn- 
ings to date, total Federal tax to date including income 
tax and F.I.C.A., total city tax to date, total annuity to 
date, total F.I.C.A. deductions to date, total earnings to 
date at the end of the previous quarter, and "proof total." 
It is further assumed that it is desired for the computer 50 
to electronically calculate the information identified by 
the columnar headings of the ledger card and to auto- 
matically cause the information to be printed out on the 
card below the second illustratively-shown posting line. 
It is also assumed that it is desired for the above infor- 55 
mation to be simultaneously posted on a journal sheet and 
that the net amount of the employee's computed pay be 
automatically printed out on a payroll check; after the 
results are calculated and printed out, the ledger card is 
automatically ejected, and the computer is thereafter 
properly conditioned so as to be ready to receive the next 
employee's ledger card, which is manually fed thereinto. 

It is further assumed, in accordance with standard pro- 
gramming techniques, that the particular arithmetic op- 
erations necessary to derive the necessary mathematical 
results of such a payroll application are determined; 
that all arithmetic data-input and data-output format- 
control steps are arranged in a logical sequence as ex- 
emplified in the following chart; and that the literal in- 
structions are encoded into computer language in the 
form of corresponding instruction words, also exempli- 
fied in the following chart, with each instruction word 
having a format corresponding to that previously described 
in detail. 75 
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SIIF.-.. 
EOW..- 
SUM.-_ 

CFE._. 
EKW.. 



MB 

]'0W.- 
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EKW... 



MUS._ 
20 

MUS... 

POW... 
MDD.. 

25 ^'^^^'- 
ADD... 

SUB.... 

CFM... 

30 

SIIF.... 

MDD.. 

SIIF 

MUS..., 

35 ADD... 

CFM.... 

SUB 

40 AB15.... 
ADD.... 

row.... 

ADD.... 

45 MUS.... 

POW.... 
ADD.... 

POW...- 
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ADD- 
ADD.. 

ADD.. 
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ADD.. 
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Literal instruction 



Mem- 
ory 
address 
location 



POW.. 

SUM.. 



Access tile initializing rou- 
tine. 

Store in memory tlic words 
read from the ledger card. 

Sunin''arize the vords read 
from lire ledger card for 
proof. 

CoiTiparo the sum with the 
proof total. 

Enter cloclc number from 
time card. 

Compare clock numbers 

Return to home position.. 

Print out Program Number. 

Multiply hourly earnings 
rate by overtime factor. 

Enter regular hours, over- 
time l;iours, other earn- 
ings, miscellaneous deduc- 
tions. 

^Multiply earnings rate by 
regular hours. 

Multiply overtime rate iiy 
o\^ertime hours. 

Print out regular earnings 
and overtime earnings. 

Mnltiiily number of de- 
l)endentsby 13.00. 

I*rint out gross earnings 
(su b-total " X' ' totalizer) . 

Add gross earnings to total 
gross earnings to date. 

Subtract tax credit from 
gr(iss earnings. 

D(^'ern]ine if adjusted gross 
is efjual to or greater than 

Copy .00 for withholding 
tax. 

Multiply adjusted gross by 
ta.K rate. 

Copy gross earnings 

Multiply gross carrdngs by 
F.I.C.A. rate. 

Add F.I.C.A. deduction to 
F.I.C.A. to date. 

Determine it new F.I.C.A. 
to date is equal to or 
greater than $120.00. 

Subtract F.I.C.A.. to date 
from $120.00. 

Add F.I.C.-V. deduction to 
F.I.C.A. to date. 

Ad<l withholding tax to 
F.I.C.-\. deduction. 

Printout Fcderalta-x deduc- 
tion. 

Add Federal ta.x to Federal 
tax to date. 

Multiply gross earnings l^y 
city tax rate. 

Print out city tax 

Add city tax deduction to 
city tax to date. 

Print; out union dues and 
community chest dcduc- 
1;ions. 

Move accounting machine 
carriage to column #18. 

Print out bond and credit 
union deductions. 

Print out insurance and 
annuity deductions. 

Add union dues deduction 
to union dues to date. 

Add Community Chest de- 
duction to Community 
Chest deductions to date. 

Add bond deduction to 
bond deduc! ions to date. 

Add credit union dedTiction 
to credit union deduct ions 
to date. 

Add insTirance deduction 
to insurance deductions 
to date. 

Add annuity deduction to 
annuity deductions to 
date. 

Print out miscellaneous de- 
duction. 

Add miscellaneous deduc- 
tion to miscellaneous de- 
ductions to date. 

Add annuiiy deduction to 
annuity deductions to 
date. 

Print out four totals to date. _ 

Add advance factor to cheek 
lunnber. 

Print out amount of net 
pay (total "X" totalizer). 

Priid. out check number 

Summarize words for proof 
total. 



ID 
11 
12 
13 
14 
15 
16 
17 

18 

10 

20 
21 

22 

23 

24 

25 

28 

27 

28 

29 

30 
31 



Instruction and 
data \^ords 



32 01 



OS 



36 71 

35 

05 
55 

23 95 

95 

06 

96 



00 



96 


96 


20 


96 


96 


80 


36 


69 


20 
97 


97 
81 


20 


73 


« 


00 


20 


75 


20 


77 


73 


86 


74 


87 


75 


88 


76 


89 


77 


90 


78 


91 


20 


98 


98 


02 


78 


82 


20 
93 


79 
61 


20 


00 


10 

85 


93 
70 



70 
02 
03 

04 

61 

07 
01 
08 
62 
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13 
14 
15 
16 
17 
18 

20 

20 

21 
22 

23 

25 

26 

26 

27 

28 

29 

30 

31 
31 

36 

35 
38 
40 
37 
35 

39 
35 

41 

42 

43 
44 
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49 
60 



3,112,304 



233 



234 



Instruc- 

tloa 

word 

symbol 



ROC. 
SlfF-.. 
SHF.. 
CFE-. 
SHF„. 



CMA- 

row.- 

MB... 
CFE... 



EKW. 

SHF.- 
ADD.. 
CMA.. 



Literal instruction 



Mem- 
ory 
address 
location 



I 



Records words on led:::er 
card. 

Shift c-lock number tv.o 
rlices to the richt. 

Shift clock ntiinber ei,;'ht 
})lacesto theleft. 

DeterrniriC if the e.xcep'ion 
alert di?lt is equal to Vero. 

Copy forty hours inta tem- 
porary ?tora^:o addrcsi;. 

VVitiiholdinf? tax* exeniDtian 
factor; i.e., $13.00. 

Withholding tas rate; i.e., 
18%. 

F.I,C.A. rate; i.e., 2.5% 

PJ.C.A. maximimi; i.e., 
$120.00. 

City tax rate; i.e., 0.5% 

Constant of 40 hour.'^ 

Check number advance 
factor; i.e., 1. 

Constant "'()'' 

Overtime i'aftor; i.e., 1.5 

Clear misrollaneous deduc- 
tion address. 

Print out forty-hour con- 
stant. 

Move accounting machine 
carriage to column #U. 

Determine if exception alert 
dijrit is equal to*"l," 

Constant "1" 

Enter ree:u!ar hours and 
overtime hours into key- 
board. 

Enter last check number 
and pro2Tam number into 
keyljoard. 

Shift the program number 
two places to the ri^ht. 

Add x-^rfisram number to 
contents of addre3S-31, 

Clear accumulation ad- 
dresses. 



Instruction vnd 

data words 



03 


00 


TO 


85 


04 


■12 


05 


85 


04 


28 


B6 


95 


10 


95 


62 


07 


(H 


00 


CO 


95 


00 


00 


00 


13 


00 


00 


00 


00 


on 

00 


no 

00 


00 

on 


25 
120 


00 
00 
00 


00 
00 
00 


on 

00 
00 


05 
40 
01 


no 

00 
05 


on 

ou 

00 


00 

(10 
9S 


00 
01 

98 


01 


20 


60 


60 


00 


43 


m 


96 


16 


95 


88 


09 


10 
OO 


00 
40 


no 

05 


00 
96 


00 


CO 


93 


94 


04 


42 


94 


06 


08 


95 


31 


31 


05 


00 


S6 


92 



01 
03 
63 
54 

a 

00 

18 

00 
00 

00 
00 
00 

00 

50 
10 

C6 

04 

69 

00 
64 



Memory Addresses: 

Words read from ledger 
card and stored in 
memory: Contents 

70 Clock No. 

71 Rate. 

72 No. of Dep. 

73 Union Dues Ded. 

74 Comm. Chest Ded. 

75 Bond Ded. 

76 Credit Union Ded. 

77 Insurance Ded. 

78 Annuity Ded. 

79 Earnings to date. 

80 Fed. Tax to date. 

81 City Tax to date. 

82 Annuity to date. 

83 F.I.C.A. to date. 

84 Prev. Qtr. Earnings to date. 

85 Proof Total. 

86 Union Dues Accum. 

87 Comm. Chest Accum. 

88 Bond Accum. 

89 Credit Union Accum. 

90 Insurance Accum. 

91 Annuity Accum. 

92 Misc. Accum. 

93 Last Check No. 

94 Program No. 

95 Temporary Storage. 

96 Temporary Storage. 

97 Temporary Storage. 

98 Temporary Storage. 

99 Temporary Storage. 

The inslraction words initially stored in memory ad- 
dresses 70 through 73 are utilized only one time in the 
program; i.e., at the beginning thereof. After the con- 
tents of memory addresses 70 through 73 are once uti- 
lized, the addresses are thereafter utilized for subsequent 
storage of data words therein, as illustrated above. 
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It is further assumed that the journal sheet and the 
pay-check-statement combination (FIGS. 88F and 88G) 
are properly positioned in the accounting machine car- 
riage, ready for a posting operation thereon, as illus- 
trated in FIGS. 88D and 88E; that the just-mentioned 
forms either are composed of suitable carbonless paper, 
such as that currently manufactured by the present as- 
signee as "N C R" paper, or have disposed therebetween 
suitable transfer means in accordance with conventional 
practice: that, in accordance with the teachings of the 
previous! y-referred-to United States Patent No. 2,626,- 
749, the various carriage stops are each assembled in the 
manner diagrammatically illustrated in FIGS. 88D and 
88E and are properly positioned on the front form bar 
of the accounting machine corresponding to the columnar 
foi-mat of the journal and pay-check-statement disposed 
in the carriage, and also corresponding to the columnar 
format of the ledger card which is subsequently to be ad- 
ditionally positioned in the carriage; and that an auto- 
matic mode of operation of the computer is desired, as 
evidenced by push button ATI — AT2 (FIG. 1) being ini- 
tially depressed by the operator. 

Assuming that all of the above-mentioned conditions 
are satisfied, the carriage return key "CAR. RET." (FIG. 
2) is thereafter depressed in order to initiate a tabula- 
tion cycle of operation of the accounting machine, where- 
by the carriage is returned to the home positron stop, 
the home position stop being the leftmost stop on tlie 
form bar as viev/cd from the front of the machine and 
also as diagrammatically illustrated in FIG. 88D, disposed 
directly above column #1. After the carriage has 
reached home position, start-preset push button SPl — SP2 
(FIG. 1) is depressed. In response to the start-preset 
push button being depressed, the instruction register is 
preset to OOOOQ09900, and, in addition, enter-keyboard- 
words lamp "EK" (FIGS. 1 and 2) is illuminated to 
provide a visual indication to the operator that the com- 
puter is now properly conditioned to sequentially receive 
into memory each of the seventy-four instruction and 
data words shown in the just-preceding chart. There- 
after, the just-mentioned words, starting with 0400000070 
and ending with 0500869201, are sequentially indexed 
into the keyboard, and resume-program-bar rpb is de- 
pressed after each word is indexed into the keyboard. 
Consequently, as a result of each of the seventy-four in- 
struction and data words having been sequentially indexed 
into the keyboard, with each being followed by a resume- 
program-bar depression, the program is thereby stored in 
memory addresses (pep through 73, the first instruction 
word in the program (04O00O(X)70) being stored in 
address-056, and the last instruction word in the program 
(0500869201 ) being stored in address-73. 

After the payroll program is properly stored in memory 
addresses <P4> through 73, push button S^l — S02 (FIG. 1) 
is depressed and thereby causes the word-selecting regis- 
ter to be preset to "00." Immediately thereafter, the 
instruction word in addiess-1^0 is read out and stored in 
the instruction register. In response to a "04" thus being 
stored in section 1 of the instruction register, a shift 
instruction (SHF) is thereafter executed whereby the 
word stored in address-^^ is simply read out and copied 
back in address-^^ and the contents of section 5 of the 
instruction register — i.e., "70"^ — is thereafter stored in the 
word-selecting register in the same manner as previously 
described. Immediately thereafter, the instruction word 
stored in address-70 is read out and stored in the instruc- 
tion register. As the contents of section 1 of the instruc- 
tion register is nov/ "00," enter-keyboard-word lamp "EK" 
is again illuminated. After the cntcr-keyboard-word 
lainp is illuminated, the preceding payroll check number, 
say 50230, is indexed into the keyboard and the resume- 
program-bar subsequently depressed. As a result, the 
vwrd 0000050230 is stored in address-93, and enter- 
keyboard-word lamp "EK" is again illuminated, indicating 
that another word is to be entered into the keyboard. 
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As illustrated in the top leftmost portion oi the exem- 
plary ledger card shown in FIG. 88A, if the fixed deduc- 
tions with respect to the employee for this particular pay 
period are union dues, community chest, insurance, and 
annuity, the program number is indicated by the numeral 
"1"; if the fixed deductions for this particular pay period 
are insurance and annuity only, the program number is 
indicated by the numeral "2"; however, if the fixed deduc- 
tions for this particular pay period are bond, credit union, 
insurance, and annuity, the program number is indicated 
by the numeral "3." 

Therefore, if it is assumed that the fixed deductions 
relating to this particular employee for this particular 
pay period are bond, credit unit, insurance, and annuity, 
a "3" is indexed into the "dollar" amount ro-.v of the 
keyboard. Upon subsequent depression of the resiimc- 
program-bar, the word 0000000300 is stored in address-94, 
and, immediately thereafter, the instruction v/ord stored 
in address-71 is read out and stored in the instruction 
register. In response to the word now stored in the in- 
struction register, a "SHF" instruction is thereafter exe- 
cuted whereby the contents of address-94 is shifted two 
digital positions to the right, and the result — i.e., 
0000000003— is stored in address-95. Immediately there- 
after, the word stored in address-72 is read out and stored 
in the instruction register. In response to the word now 
stored in the instruction register, an "ADD" instruction 
is thereafter executed, whereby the word stored in address- 
95— i.e., 0000000003— is added to the word stored in 
address-31— i.e., 0897818131— and the result— i.e., 
0897818134 — is stored back in address-31, which, in effect, 
causes the numeral "3" to be added to the low-order digit 
of the fifth section of the instruction word stored in 
address-31; thereafter the instruction word stored in 
address-73 is read out and stored in the instruction reg- 
ister. In response to the word now stored in the instruc- 
tion register, a "CMA" instruction is thereafter executed, 
whereby memory addresses 86 through 92 are cleared and 
the instruction word stored in address-c>l is thereafter 
read out and stored in the instruction register. 

Due to the fact that the tvvo-decimal-digit number now 
stored in section 1 of the instruction register is "02," 
enter-card-words lamp "EC" (FIGS. 1 and 2) is iihimi- 
nated, thus indicating that the computer is, at this time, 
properly conditioned and ready to receive the informa- 
tion magnetically recorded on the employee's ledger card, 
which, in this instance, comprises the employee's clock 
number, rate of pay, number of dependents, union dues 
deduction, community chest deduction, bond deduction, 
credit union deduction, insurance deduction, annuUy de- 
duction, earnings to date, Federal tax to date, city tax to 
date, annuity to date, F.I.C.A. to dale, earnings to date 
at the end of the previous quarter, and proof total. 

After the operator inserts the employee's ledger card 
into the card-handling portion of the computer in the 
manner previously described, t'ne above-mentioned card 
words are magnetically picked up one after the other and 
stored in memory addresses 7* through 85, as jlhislrated 
in the just-preceding chart. Thereafter, the instruction 
word stored in address-i^2 is read out and stored in the 
instruction register. In response to the v/ord now stored 
in the instruction register, a "SUM" instruction is there- 
after executed, whereby the words magneticaily picked up 
from the ledger card, with the exception of the "proof 
total" amount, are added together, and the result is there- 
after stored in address-95. Upon completion of the sum- 
mation operation, the sum thus derived is compared with 
the proof total stored in address-85. If the contents of 
addresses 85 and 95 are of equal magnitude, the word 
stored in address-04 is subsequently read out and stored 
in the instruction register. However, if the sum and the 
proof total are not in agreement, indicating that the infor- 
mation of the magnetic ledger card was not accurately 
read into the computer, the word stored in address-<)il is 
subsequently read out and stored in the instruction regis- 



10 



15 



20 



3,113,394 

236 

ter. Thereafter, enter-card-words lamp "EC" is again 
illuminated, indicating that a reading error has occurred 
and that the ledger card just read should be removed 
manually and again be inserted into the card-handling 
portion of the computer, as before. 

If it is assumed that the summation of the card words 
is in agreement with the proof total, so that the word 
stored in address-(/i4 is read out and stored in the instruc- 
tion register, an "EKW" instruction is executed, whereby 
the employee's clock number, indexed in amount rows 
#3 through #7 of the keyboard, is stored in address-95. 
Thereafter, the clock number stored in address-95 is 
shifted two places to the right and stored in address-85. 
Upon completion of the shifting operation, the clock num- 
bers stored in addresses 7^ and 85 are compared for 
equality. If the clock numbers are equal, indicating that 
the time card and ledger card each relates to the same 
employee, the computer looks to address-07 for the next 
instruction; otherwise, the computer executes the instruc- 
tion dictated by the word stored in address-06. In carry- 
ing out the dictates of the word stored in address-06, the 
carriage is returned to home position, and enter-card-word 
lamp "EC" is again illuminated, indicating that either the 
wrong time card or the wrong ledger card was utilized by 
the operator. However, in carrying out the dictates of 
the v/ord stored in address ^7, a "POW" instruction is 
executed, whereby the program number stored in address- 
94 is printed out in column #7, as illustrated in FIG. 
88D, the low-order cent and dime digits thereof being sup- 
pressed and thus not printed. 

With the aid of the just-preceding portion of the mode 
of operation of the computer in executing a typical pay- 
roll program being described in detail to this point, a 
detailed comprehension of the remaining portion of the 
program can readily be had by following the step-by-step 
description thereof shown in the preceding chart, in ex- 
actly the same manner as just described. Consequently, 
a further detailed description thereof would be super- 
fluous and, accordingly, is not deemed necessary in order 
to insure a full and complete comprehension and appre- 
ciation thereof. It is, however, to be appreciated that, 
while a specific mode of operation and application of the 
present computer has been described in detail with respect 
to a typical payroll operation, it is not intended to be im- 
plied or inferred that its adaptability and applicability are 
in any way limited to any specific accounting operation. 
Being of a general-purpose variety, the present computer 
is readily adaptable to be utilized in a highly efl'ective 
manner in substantially any of the multitude of different 
present-day accounting operations. 

91. Component Chart 

Shown below in the following chart is an itemized list- 
ing of the values and other identifications of the various 
components and operating potentials utilized by each of 
the computer building blocks schematically illustrated in 
FIGS. 46 through 51 and previously described in detail. 
In each instance, the logical symbols shown in the chart 
below correspond to like building block symbols; the ref- 
erence characters located to the left of the chart corre- 
spond to like reference characters used throughout the 
logical drawings with respect to the various building 
blocks; and the reference characters located at the top of 
gg the columns correspond to like reference characters used 
throughout the schematic representations of the various 
building blocks shown in FIGS. 46 through 51. 
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650 


CK 


6f,3 




2N1!3 
3-\n3 
2X113 


Output 

Output 
Output 




(3i;(,8-3287) 

(3288-S3'J7) -- 




CRS 
C RY 


o_^_o 





23S 



(466.1-4673). 




663 



lN12g 



10 



15 





650 


6S5 


656 


Cf.0 


(42S5) 


2NliO 
2N100 
2X100 
2X109 
2X108 


270 
R20 

120K 
820 

1. 5K 


-12 
-li 
6 
-6 
-6 




(4703-4708) 

(4702) 

(4724-1726) (4752) . - 


15K 

22K 
27 K 


(4754)f4757) 




.-^^ 





(4710-4715)- 






650 


660 


061 


662 


(43a3-',394) 


2N140 
2X109 


7. r.K 

5. IK 


3. 6K 

30 K 




(4788-4793) 




^-@^ 





(4001) (4008) (4011) (4017) (4020) (4023) (4025) 
(4027) (4029) (4031) (4633) (4040) (4081 ) f 40841 
(40S6) (4088) (4090) (4005) (4108) (4213) (4262) 
(4317-4320) (4326-4334) f434o-434S) (4363-4362) 
(4465)- 

(4004) (4253-4254) (4257) (4444) (4461-4463) (4476) 
(4485-4487) (4491) (4507-4510) f4532-4536) 
(4538-4644) (4546-4063) (4685-4660) (4657-4585) 
(4567-4571) (4674-4075) 

(4005) (4168) (4265) (4266) (4454) (44I3.S-4470) (44S1) 
(4493) (451 5) (4572-4591) (4693-4608) (4670- 
4677) (4850-4852). 



(4070) (4093) (4101) (4106) (4111) 

(4072) (4079) 

(4074)(4225) 

(4077) (4136) (4537) (4546) (4666) 

(4098).... 

(4103) 

(4233-4236) (4258-4261) (4442-M43) (4445-4449) 
(4451) (4474-4475) (4477-4478) (4498) (4524-4627) 

(4652) (4776-4777) (4780) 

(42frl) 

(4265) 

(4279)(4617) 

(4414) 

(4280) 

(4432) (4GS1-4684) (4751) (4753) 

(4217) 



(4409-4413) 

(4472) 

(421 G) (4221-4222) (4245) (4870) . 
(4068) 



(4256) 

(4036)(4564) 

(403S) (4163) (4165). 
(4492) (4494) 
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2X140 
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2X110 
2X109 
2X140 



2X140 
2X140 
2X140 
2N140 

2X140 
2X140 

2NM0 
2.^140 



b. 6K 

20K 
IK 



5. IK 
3.9K 
1.8K 

2. OK 
1.6K 

3. OK 



lOK 
2K 

3. 9K 

4. 7K 
1. 6K 

620 
1.6K 
16K 



8. 2K 
3K 
IK 

6. 6K 

820 

4. 7K 

lOK 

510 



(4730-4731). 
(4395-4390). 
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(4634). 
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661 



-0 30 (4737-4740) (4S04) (4805). 
-6 ^— ^g>— . 

-6 
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35 



(4237-4240) (4373-4382) 
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2X113 
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-IS 
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2i0 
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-6 
-6 
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45 



50 



-6 
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-6 
-12 
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(4071)(4094)(4102)(4100) 

(4226) 

(4104) 

(4075) 

(4099) 

(4073) (40=0) (4267-4270) 

(407S) 

(4865) 

(4069) (4091) (4530-4531) 

(4592) 

(4112) 

(4164) (4166) (4246-4249) (4462- 
4453) (4465-4460) (4479- 
44S0) (4482-1483) (4528- 
4529) (4653) (4778-4779) 

(4781) ('4360-4863) 

(4S(»)i:4871)(4S74) 

(4272-4273) 

(4296) 

(1313)- 

(4415-4420) 

(4421) - 

(4211-4212) 

(4516) 

(4742-4744) (4806) 

(4307) 



650 



65 



47 
6.2K 



2X140 
2X140 
2X140 
2X140 
2X140 
2X140 
2N140 



653 



2X140 
2.X140 



2X140 

2X140 
2X113 
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2X140 

2N100 



1N128 
1X12S 
1X128 
1-X128 
1X128 
1X128 
1X128 



1X128 
1.X128 



1X128 

IN 128 
1X128 
IN 128 
1X128 
IN 128 
IN 128 
1N128 

1N12S 
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-6 
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-6 
-6 
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('i003)(4flln)(4013) 
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C4014) 
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5. 6K 


(938) (939) (961-955) (977-979) (981) (983) (986) 
(989-990) (1030-1038) (1103-1107) (1122-1130) 
(1143-1149) (1199) (1376-1382) (1416-1416) 
(1815-1617) (1723) (1760-1762) (1795-1797) 
(1405-1408) (1410-1413) (1814-1818) 


5 IK 


(1084-1087) (1365-1372) (1474-1482) (1484-1633) 
(1635-1537) (1639-1541) (1543-1645) (1647- 
1648) (1650-1556) (1659-1660) (1563-1583) 
(1567-1577) (1579-1597) (1699-1601) (1603- 
1604) (1606-1608) (1610-1614) (1618-1667) 
(1669-1668) (1670-1672) (1674-1686) (1692- 
1700) (1703-1718) (1734-1740) (1720-1722) 
1812-1813) _ _ 


6.CK 



lOK (1099-1102)(1108-H11)(1281-1320) 

(1226-1236) (1261-1270) ( 133 1-1344) (1362) . 

5 (1271-1280) - - 

(915-919) __ _.. 

(1112).... _ 

(1068-10S3) 

10 



689 


690 


6 


18K 


6 


9. IK 


6 


UK 





120K 





6.8K 


6 


18K 



696 



4.3K 
4. 7K 
4. 3K 
4.7K 
6. IK 
4. 7K 



15 


689 


690 


691 


696 


(991-992) .. 


6 


27K 


100 


5 IK 


■" ^S) 

20 ° l-^ 





(1803) (1805-1806) 



689 


690 


700 


703 


704 


706 


706 


707 


708 


709 


710 


711 


712 


713 


-12 


760 


2N109 


50 


27 K 


.015 
MF 


60 


760 


lOK 


2N109 


2K 


5. IK 


470 


3.5K; 



(1163-1164)., 



mg)— 



664 


666 


089 


690 


700 


703 


709 


710 


712 


713 


IK 


M'F 


-6 


5. IE 


2N109 


.05 
MF 


2N109 


150E 


6. IK 


lOK 



(6061) (6066) (S072) (6077- 
6085)(60S8-6O89)(0O91) 
(6093) (6097) (6100-6101) 
(6104) _ 

(6086-6087) (6090) (6092) 
(6094-6096) (6098-6099) 
(6103) (6105-6107) (ous- 
el 19) (6134-6139) 

(6127-6132) 



X 



722 


723 


724 


726 


726 


727 


728 


729 


734 


735 


736 


2N140 


2N140 


-12 


IK 


-12 


IK 


5. IK 


5. IK 


7.6K 


500 


7.6K 


2N140 


2N140 


-12 


IK 


-12 


IK 


5. IK 


6. IK 


6. IK 


600 


S.IK 


2N140 


2N140 


-12 


IK 


-12 


IK 


5. IK 


6. IK 


5. IK 


1000 


5. IK 



737 



600 



500 
1000 







722 


723 


724 


725 


726 


727 


728 


729 


730 


731 


732 


733 


734 


735 


736 


737 


(6038) (6041) 

(6047-6064) 
6117) (6065 
(6O73-607( 

(8055-6056). 

(8071) . . 


(6046).... 


2N113 

2N140 
2N140 
2N109 
2N140 
2N140 


2N113 

2N140 
2N140 
2N109 
2N140 
2N140 


-12 

-12 
-12 
-12 
-12 
-12 


IK 

IK 
IK 
IK 
IK 
IK 


-12 

-12 
-12 
-12 
-12 
-12 


IK 

IK 
IK 
IK 
IK 
IK 


5. IK 

5. lie 
5. IK 

5. IK 

6. IK 
5. IK 


6. IK 

5. IK 

6. IK 

5. IK 

6. IK 
6. IK 


-6 

-6 
-6 
-6 
-6 
-6 


1N128 

S489G 
1N128 
1N128 
1N128 
1N128 


-6 

-8 
-8 
-8 
-6 
-B 


1N128 

S489Q 
1N128 
1N128 
1N128 
1.N128 


7. 6K 

7.6K 
lOK 
8.2K 
6. IK 
6. IK 


120 

600 
600 
470 
60O 
1,000 


7.6K 

7.6K 
lOK 
8.2K 
6. IK 
6. IK 


120 


6067-8060) (6108- 
-6065) (8067-6070) 
)) 


600 




600 




470 


(6102) 


600 


(6133) 








o 


/"\ 















722 


723 


724 


725 


726 


727 


729 


734 


736 


736 


737 


(6001-6013) (6030-6037) 


2N109 
2N140 


2N109 
2N140 


-6 
-6 


IK 

IK 


-6 
-6 


IK 
IK 


6. IK 
6.6K 


16K 
15K 


1,000 
600 


16K 

16K 


1,000 


(6014-6021) . . 




600 






. /^\ 











3,112,394 









247 




















248 


















722 


723 


724 


725 


726 


727 


729 


730 


731 


732 


733 


734 


735 


736 


737 


(6039-6040)... 


2N140 


2N140 


-12 


IK 


-12 


IK 


5. IK 


-6 


1N128 


-6 


1N128 


6. IK 


180 


6. IK 
















/^ 





















722 


723 


724 


725 


726 


727 


728 


734 


735 


736 


737 


(8022-6025) 


2N140 


2N140 


-6 


IK 


-6 


IK 


6.6K 


15K 


500 


16K 
















" 











722 


723 


724 


725 


726 


727 


728 


730 


731 


732 


733 


734 


735 


736 


737 


(6026-6029)... 




2N140 


2N140 


-12 


IK 


-12 


IK 


6.6K 


-6 


1N128 


-6 


1N128 


15K 


600 


15K 


500 










/^K 








- 













722 


723 


724 


725 


726 


727 


728 


729 


734 


736 


(6122). . 


2N109 


2N109 


-6 


820 


-6 


820 


6.1K 


5. IK 


15K 


16K 
















/P7\ 












° 











722 


723 


724 


726 


726 


727 


734 


735 


737 


738 


739 


752 


(6120) [.25 Sec.]. - 




2N109 


2N109 


-6 


IK 


-6 


IK 


27K 


600 


lOMF 


-6 


27K 


470 












P8\ 













(6125) [50 K 


C] 




722 


723 


724 


725 


726 


727 


735 


737 


741 


742 


743 


744 


745 


746 


748 


749 


750 


2N140 


2N140 


-6 


lOK 


-6 


lOK 


1,120 


1,120 


-6 


15K 


6 


lOK 


-12 


lOK 


1N128 


-6 


15K 










/»ffi\ 















(6128) [400 ops]. 






722 


723 


724 


725 


726 


727 


735 


737 


741 


742 


749 


760 


762 


763 


754 


2N140 


2N140 


-6 


IK 


-6 


IK 


.148 
MF 


.145 
MP 


-6 


18K 


-6 


18K 


.01 
MF 


.01 
MF 


2K 










/™2\ 















(6124) 


.04 Sec] 


722 


723 


724 


725 


726 


727 


729 


735 


736 


749 


760 


765 


2N109 
2N109 
2N109 


2N109 
2N109 
2N109 


-6 
-6 

-e 


820 
820 
820 


-6 
-6 
-6 


820 
820 
820 


6. IK 

5. IK 

6. IK 


20MF 
2MF 
4MF 


16K 
16K 
16K 


-6 
-6 
-6 


16K 
27K 
18K 


6. IK 


(6142) 


.06 Sec 


2.4K 


(6141) 


.06 Sec] 


2.4K 








^vP? 



















722 


723 


724 


72S 


726 


727 


736 


736 


741 


742 


749 


760 


755 


757 


768 


762 


763 


(6146) r.00124-1 
I Sec. J 


2N109 


2N109 


-6 


820 


-6 


820 


.1 

MF 


16K 


6 


2.7K 


-6 


22K 


3.9K 


27K 


2N10B 


660 


150 




x/ 








/F13V 









3,112,394 









249 














250 
















722 


723 


724 


725 


726 


727 


734 


735 


736 


737 


(6000) 


2N109 


2N109 


-12 


IK 


-12 


IK 


lOK 


600 


10 K 


500 






NX 



















722 


723 


724 


726 


726 


727 


734 


737 


741 


742 






n5\ 




752 


(6147-614B) [J 
(6149-6150) 3 


w Sec. 
ft Sec. 




2N*K)9 
2N109 


2N109 
2N109 


-fi 
-6 


680 
IK 


-6 
-6 


IK 
IK 


760 



330 
33 


-6 
-6 


15K 
15K 


68 
220 



C6121) [.25 Sec. 
(6143) [.076 Sec 
C0140) [.01-.04 E 
(6123) (.12 Sec. 






722 


723 


724 


725 


726 


727 


729 


735 


736 


749 


750 


765 


756 




2N109 
2N109 
2N109 
2N109 


2N109 
2NI09 
2N109 
2N109 


-6 
-6 
-6 
-6 


820 
820 
820 
820 


-6 
-6 
-6 
-0 


820 
820 
820 
820 


6. IK 
6. IK 
6. IK 
6. IK 


25 

MF 

5 

MF 

3 

MF 

11 

MF 


16K 
16K 
15K 
16K 


-6 
-6 
-6 
-6 


16K 
16K 
15K 
18K 


3.9K 
2.4K 
lOOK 
2.4K 


.5 


__ _ __ 

.] 


MF 
.5 


;ec.] 


MF 
.5 


] 


MF 
.6 




MF 




F10\ 















722 


723 


724 


725 


726 


727 


734 


735 


736 


737 


749 


760 


757 


758 


760 


761 


759 


(6144) - 


2N109 


2N109 


-6 


820 


-6 


820 


lOK 


.1 

MF 


lOK 


.1 
MF 


6 


3.2K 


15K 


2X109 


150 


6. IK 


5. IK 





























722 


723 


724 


725 


726 


727 


734 


735 


730 


737 


749 


750 


767 


758 


759 


760 


701 


(6146) 




2Kn09 


2N109 


-6 


820 


-6 


820 


15K 


.1 

MF 


15K 


.1 
MF 


6 


3.2K 


5. IK 


2N109 


5.1 


160 


5. IK 




























(7007)... 

(7008-7010) (7015) (7026-7089) (7118- 

7129) (7132-7143) 

(713-7131) 

(7156) 

(7154-7155) 



766 


767 


768 


120 


IN 128 


SIK 


600 


IN 128 


lOK 


.OlMF 


IN 128 


66K 


.04MF 


IN 128 


15K 


. lOMF 


1N128 


1.6K 



780 



45 



OND 
0N» 
OND 
OND go 







785 


786 


787 


788 


789 


790 


791 


(7144-7149) 


220 


220 


.1 

MF 


.1 

MF 


4.7K 


4.7K 


-12 






FIL 











(7101)(7153) 

(7U2-7114)(7117)... 

(7150) 

(7162) 

(7161)(7157-7159)... 



766 


767 


768 


709 


770 


IMF 


1N128 


IM 


6 


2.7K 


IMF 


IN 128 


16K 


6 


2.7K 


IMF 


IN 128 


15K 


6 


IK 


.IMF 


IN128 


15K 





2. 7K 


.IMF 


1N128 


15K 


6 


2.7K 



771 
53 

IK 

IK 

2.7K 



710 





160 


794 


795 


796 


797 


799 


800 


(4501) 


Claires 
CL3 


100 


IN 128 


6 


lOE 


.10 

MF 


7K 


t: — -(wa) 

















CO 



(7100-7165) (7167-7168).. 




773 



.05MF C5 





802 


803 


804 


806 


806 


807 


808 


809 


810 


(4733-4736) (4802- 
4803) 


2N140 


-6 


6 


2K 


Clairex 
CL3 


50 
MF 


5. IK 


5. IK 


-12 


■j\r-J^K?hyo 









766 


772 




470 


200K 


;>— jn«(— o 





70 





660 


655 


656 


661 


602 


681 


6S4 


(4856-1859) C4867) 
(4870) (4873) (4875). 


2N140 


2.2K 


-12 


lOOK 


6 


1N77A 


-12 



3,112,394 



^ 


<J± 
















^ 


>J£< 










813 


814 


815 


816 


817 


818 


819 


820 


821 


822 


823 


824 


825 


(48U-4812) (4815) (4817) (4823)_. 


2N109 


-6 


6.8K: 


2.7K 


150 


.IMF 


7.6 


1N128 


6fiD 


2.7K: 


2.7K 





5MF 


c (m^ 







































827 


829 


830 


831 


832 


833 


834 


835 


836 


837 


838 


839 


(7000-7002) _. 




2N109 


1. 6K 70° 


1.5K 
70° 
Thcr- 
mister 


270 


-12 


652 

ZENEE 
DI- 
ODES 


620 


2.4K 


1.2K 


652 

ZENER 
DI- 
ODES 


1. IK 


-12 




SltO"^^^—' 


- 




Thcrmister 






1 








828 


844 


846 


846 


847 


848 


849 


850 


851 


860 




TCOR 




&ki=^— 


2N140 


2N158 


.6 


.6 


1N128 


1N128 


25 


11 


60 


lOOMF 




4 












862 


853 


854 


865 


856 


857 


858 


869 


866 


861 


862 


863 


864 


805 




%z^ 




2N173 


2N109 


-6 


680 


-12 


2.6 


-8 


620 


26MF 


600 


160 


080 


-18 


-12 



92. Signal Origination and Destination Chart 

Shown below in the following chart is an alphabetical 
listing of the various signal lines shown throughout the 
logical diagrams, wherein the number in the center col- 
umn corresponds to the figure number of the origination 
of that particular line; and wherein the number, or num- 
bers, in the right-hand column corresponds to the logical 
diagram figure or figures to which the particular line is 
connected as an input line. 



Signal 



Signal 


Origination 


Destination 


(A1-A2) - 


83 
60 
60 
61 
66 
72 
77 
71 
69 
74 
61 

64 

m 

74 
67 
84 
60 
83 
62 
85 
62 
62 

65 
62 
60 
62 
71 
69 
74 
60 
84 
84 
84 
84 
84 
84 

84 
84 

84 
84 
83 
74 
74 
85 
66 
61 
66 
82 
74 
66 
82 


83 


AAD 


62B 


ABO 


62B 


AD --- 


S3, 63, 70, 71 


ADD - 


66, 73, 74, 76, 77, 79 


AF 


72 


AI 


76,77 


AJ 


60,71 


AK 


00,70 


AM 


68,60,68,73,74.75,79 


AN. --- 


68, 68, 71, 72, 74, 76, 76, 77, 78, 


(ANa-ANd) 


79,80,81,84 
54 


APN.. .- 


58, 68, 73, 74, 76, 77, 79 


ARO -- 


63,69,71,74,78 


ASA 


60, 67, 70, 71 


AUT 


76,84 


AYW 


CO 


B. 


83,85 


Bn 


64, 66, 68, 60, 67, 68, 69, 70, 71, 76 


BB -.- 


86 


(B6-Bc) 


64, 66, 68, 60, 67, 68, 70, 71 


Bd --- - -- 


54, 65, 68, 60, 61, 67, 68, 69, 70, 


(BaL-BdL) - 


71,74,77 
65, 67, 58, 69 


(BaM-BdM) 


60,62 
52B 


BBD --^ 


(BCa-BC6) 


61, 62 


BJ 


60, 71 


BK 


60,70 


BM - . - --- 


60, 68, 73, 74, 79 


BYW 


60 


C12 


01 


013 -- 


84 


C14 - . 


60,62 
61,64,71,76,81 


C23 


C24 ---. 


61, 65. 84 


C31 


60, 61, 68, 69, 70, 71, 76, 76, 77, 


C34 


79,84 
66, 61, 71 


C41 


66, 68, 60, 61, 62, 69, 74, 75, 77, 


C42 


79, 81, 84 
67, 84 


C43 


67 





81, 83, 85 


CA - 


60, 68, 71, 74, 77, 78 


CB 


60, 74, 78 


COB - - 


75 


CFE 


73, 75, 77, 78, 79 


OFF --. 


60, 61, 64, 09, 79 


CFM 


69, 71, 73, 76, 76, 77, 78, 79 


OLO _-_ 


82 


OM - 


60, 69, 73, 74, 77, 79 


CMA 


73, 74, 79 


00 


82 



30 CPA 

OPM 

ORA 

CRX.... 

CRY 

OSA 

CYC 

„,. D 

■iO D^ __ 

D0M 

Dl 

(D2-D6). 
(D6-D7)- 

D8 

D9 

40 

D9L 

D9M 

Da 

(DJ-Di). 
DAD.... 
DBD.... 
DDF 

45 DE2 

DIV 

DK 

B 

EAS 

ECW.-.. 

50 EKL 

EKW-.._ 

EOC 

EOF 

EOW..-. 

EFT 

EVQ 

55 F« 

F8-- 

F9 

F10 

(Fo-FtO- 

FQ_ 

FOl 

„, F02 

00 FOO..— 

Q 

QC 

GO 

000 

(II<^-H1). 
H2 - 

^■^ 114 

116 - 

II« 

HO 

HII 

i 

(I^a-I<J(t) 

70 ((Ila-Ild) 

(I2a-I2e()- 

I2<J 

(I3o-I3c)- 

13rf 

134 

149 

-, (Ua-lU). 
'•* (I50-I5C). 



Origination 



Destination 



.63, 69, 74 

63, 60, 69, 73, 74, 79 

60 

06 

CO 

71 

62 

81, 83, 82 

69, 07, 69, 71, 75, 76 

66 

69, 66, 67, 80 

58, 66, 67, 80 

67, 66, 67, 80 
65, 66, 67, 80 

53, 65, 68, 61, 67, 69, 70, 74, 77, 
79, 80 

61, 64, 70 

66 

63, 68, 72 

63, 72 

60, 69, 71, 74, 75, 78 

62,63 

54, 61, 79 
68 

66,71,73,74,75,77,78 
68 

82, 83, 85 

63, 64, 76, 77 

68, 60, 61, 68, 69, 71, 73, 74, 75, 
76, 77, 79,81,82, 83 

53, 68, 72, 76, 77 

81 

58, 60, 73, 74, 75, 78, 79, 81 

64, 65, 60, 82 
75,77 
60,79 

68, 60, 69, 73, 76, 76, 77, 79 



81 

77, 78, 81 
74, 76, 79, 81 
68,70,71,72, 74, 



76, 78 



61, 64, 66, 76, 76, 77 

89 

69, 71 

61,69,71,79 

82, 83, 85 

69, 76, 76, 77, 79 
72, 81, 82 
62,79 

78,81 

70, 74, 76, 78, 81 
70,78,81 
78,81 

79 



83,86 

82 

65 

64 

68, 59, 65 

68 

68, 69, 64 

59, 64 

58, 69, 74, 76, 76, 77, 79 

68 

58, 59, 65 

58, 59, 64 



253 



3,112,394 



254 



Signal 



Origination 



I5rf 

(Ifia-I6i).._. 

Uc 

IM 

<17a-i7d).... 

(Ka-lSd) 

lUa 

ICC .-. 

ICR._ _ 

IFD 

IFJ... 

IN4 

IW.- 

J9 

JA... 

Ja 

(J6-Jf) 

Ja' 

JB 

JIIR 

JJF 

JL .— 

JM__ - 

JS 

K<^ 

Ka 

Kb 

Krf 

KH 

KEY 

KK 

KKF 

KL 

KS 

L 

L<* 

LI 

L2 

L3 

LFA 

UNT 

LK 

l,h 

M14 

MA 

MAN 

MB_^_. 

MDD 

MI 

MIC 

MIN 

MJ 

MK 

MOD 

M00-._ 

MOU 

MSA 

MUS 

MV 

MXW 

MYW 

N 

(N1-N2) 

NN 

NT 

OBM 

OBN 

P 

pc- 

PC 

PCT_ 

FF* 

rci 

PI.* 

pj* 

pji 

PJ5 

PK0 

PK9. -. 

POW. 

PHB 

PT 

PTF 

PTiB 

PTS 

PE<J. 

PF.2 

PP.8..... 

PW0 

Q- - 

Q-- -- 

?c 

r 

R*. 

Kl 

K8 

(RA<*.-KA9). 

(Ro-Rrf) 

re 

BAI>.. 

ECO. .- 



58 
57 
57 
57 
57 
55 
55 
84 
66 
72 
72 
68 
61 
71 
71 
71 
71 
71 
71 
75 
71 
71 
CO 
71 
7D 
69 

70 

70 

70 

fi9 

75 

82 

69 

70 

71) 

86 

57 

57 

57 

57 

85 

72 

75 

85 

86 

75 

84 

66 

56 

76 

76 
72 
71 

69 
56 
60 
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WTxile particular embodiments of the invention have 
been shown and described in detail, it will be obvious to 
those skilled in the art that changes and modifications 
may be made without departing from the invention in its 
broader aspects, and, therefore, the aim in the appended 
claims is to cover all such changes and modifications as 
fall within the true spirit and scope of the invention. 

What is claimed is: 

1. An electronic digital computing machine compris- 
ing: registering means diflierentially positionable to dif- 
ferent registering positions; means for differentially posi- 
tioning said registering means; a storage device of a type 
providing a plurality of addressable storage locations, 
each storage location being capable of having a word 
manifestation stored therein; address selecting means 
associated with said storage device for obtaining access to 
any desired storage location thereof; read-write means as- 
sociated with said storage device for selectively storing 
a word manifestation and for reproducing a word mani- 
festation previously stored at the particular storage loca- 
tion dictated by said address selecting means, means 
for providing information indicative of the position 
at which said registering means was differentially posi- 
tioned; means operatively connected to said informa- 
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tion providing means and to said read-write means for 
causing a word manifestation indicative of said register- 
ing position to be stored in said storage device at the 
selected storage location dictated by said address select- 
ing means; means for receiving ledger card record media 
each having information both magnetically recorded and 
printed thereon; signal reproducing means for sensing the 
information magnetically recorded on each ledger card 
record medium; means operatively connected to said 
signal reproducing means and to said read-write means 
for causing word manifestations indicative of said magnet- 
ically recorded information to be stored in said storage 
device at the particular storage locations selected by said 
address selecting means; means settable to a predeter- 
mined pattern of control indicative of a desired computa- 
tional operation to be executed; control means responsive 
to said pattern of control and operatively associated with 
read-wi"ite means and with said address selecting means 
for effecting the reproduction of predetermined word 
manifestations from said storage device, and including 
means for executing the particular computational op- 
eration on said reproduced word manifestations as indi- 
cated by said pattern of control; and means associated 
with said signal reproducing means for thereafter mag- 
netically recording on a selected one or ones of said ledger 
card record media a selected portion or portions of the 
results of said computational operation while effectively 
erasing the information previously recorded magnetically 
thereon. 

2. An electronic digital computing machine in ac- 
cordance with claim 1 which further includes means for 
suppressing all non-significant zeros of said computa- 
tional results during said recording operation. 

3. An electronic digital computing machine compris- 
ing; registering means differentially positionable to dif- 
ferent registering positions; setting means for differen- 
tially positioning said registering means; a storage device 
of a type providing a plurality of addressable storage lo- 
cations, each storage location being capable of having 
a word manifestation stored therein; address selecting 
means associated with said storage device for obtaining 
access to any desired storage location thereof; read-write 
means associated with said storage device for selectively 
storing a word manifestation and for reproducing a word 
manifestation previously stored at the particular stor- 
age location dictated by said address selecting means; 
means for providing information indicative of the posi- 
tion at which said registering means was differentially 
positioned; means operatively connected to said informa- 
tion providing means and to said read-write means for 
causing a word manifestation indicative of said register- 
ing position to be stored in said storage device at the 
selected storage location dictated by said address select- 
ing means; means for receiving ledger card record media 
each having information both magnetically recorded and 
printed thereon; signal reproducing means for sensing 
the information magnetically recorded on each ledger 
card record medium; means operatively connected to said 
signal reproducing and to said read-write means for caus- 
ing word manifestations indicative of said magnetically 
recorded information to be stored in said storage device 
at the particular storage locations selected by said address 
selecting means; means settable to a predetermined pat- 
tern of control indicative of a desired computational op- 
eration to be executed; control means responsive to said 
pattern of control and operatively associated vrith said 
read-write means and with said address selecting means 
for effecting the reproduction of predetermined word 
manifestations from said storage device, and including 
means for executing the particular computational opera- 
tion on said reproduced word manifestations as indicated 
by said pattern of control; means associated with said 
signal reproducing means for thereafter magnetically 
recording on a selected one or ones of said ledger card 
record media a selected portion or portions of the results 



of said computational operation while effectively erasing 
the information previously recorded magnetically there- 
on; and means operatively connected to said setting 
means for causing said registering means to be differen- 
5 tially positioned indicative of a selected 'portion or por- 
tions of said computational results. 

4. An electronic digital computing machine compris- 
ing: a plurality of differentially positionable printing 
means capable of printing on an associated medium 

10 a plurality of word manifestations comprising a plu- 
rality of characters of various kinds disposed in dif- 
ferent order positions along a recording line trans- 
versely oriented with respect to said medium, the unique 
and independent differential position of each of said 

15 printing means determining the specific kind of char- 
acter to be printed by that particular printing means; 
an actuator associated with each of said printing means 
for differentially positioning the corresponding print- 
ing means, each of said actuators being independent- 

20 ly movable in at least one direction; means for mov- 
ing all of said actuators in said direction; stop means 
associated with each actuator for selectively immo- 
bilizing said actuator independently of the other ac- 
tuators at any one of a plurality of differential positions, 

25 the differential position at which the indivdual actuators 
are immobilized determining the differential positioning 
of their associated printing means; a storage device of a 
type printing a plurality of addressable storage loca- 
tions, each storage location being capable of having a word 

30 manifestation stored therein; address selecting means asso- 
ciated witli said storage device for obtaining access to 
any desired storage location thereof; read-write means 
associated with said storage device for selectively storing 
a word manifestation and for reproducing a word mani- 

35 festation previously stored at the particular storage lo- 
cation dictated by said address selecting means; means 
for providing information indicative of the positions at 
which said printing means were differentially positioned, 
means operatively connected to said information provid- 

'^^ ing means and to said read-v«-ite means for causing a 
word manifestation indicative of the differentially-set 
positions of said printing means to be stored in said stor- 
age device at the selected storage location dictated by 
said address selecting means; means for receiving ledger 

45 card record media each having information both mag- 
netically recorded and printed thereon; signal reproduc- 
ing means for sensing the information magnetically 
recorded on each ledger card record medium; means op- 
eratively connected to said signal reproducing and to 

50 said read-write means for causing word manifestations 
indicative of said magnetically recorded information to 
be stored in said storage device at the particular storage 
locations selected by said address selecting means; means 
settable to a predetermined pattern of control indicative 

55 of a desired computational operation to be executed; 
control means responsive to said pattern of control and 
operatively associated with said read-write means and 
with said address selecting means for effecting the repro- 
duction of predetermined word manifestations from said 

60 storage device, and including means for executing the 
particular computational operation on said reproduced 
word manifestations as indicated by said pattern of con- 
trol; means associated with said moving means and said 
stop means for causing said printing means to be dif- 

65 ferentially positioned indicative of a selected portion or 
portions of the results of said computational operation; 
and means associated with said signal reproducing moans 
for magnetically recording on a selected one or ones of 
said ledger card record media a selected portion or por- 

70 tions of said computational results while effectively eras- 
ing the information previously recorded magnetically 
thereon. 

5. An electronic digital computing machine compris- 
ing: a storage device of a type providing a plurality of 

75 addressable storage locations with each storage location 
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being capable of having a word manifestation stored 
therein; address selecting means associated with said stor- 
age device for obtaining access to any chosen storage lo- 
cation thereof; read-write means associated with said 
storage device for selectively storing a word manifesta- 
tion and reproducing a word manifestation previously 
stored at the particular storage location dictated by said 
address selecting means; key-set recording means capable 
of selectively printing a plurality of characters of a plu- 
rality of selected kinds on an associated medium during 
a cycle of operation thereof, said recording means in- 
cluding means for driving said recording means through 
cycles of operation, a plural order series of differential 
actuators each being movable between a normal posi- 
tion and any of a series of differential positions each 
indicative of a character of a different kind, means driven 
by said drive means to advance said differential actuators 
to differential positions and again return said actuators to 
normal position in a cycle of operation of said recording 
means, a first differential stop means settable from the 
keyboard of said recording means for selectively im- 
mobilizing each of said differential actuators in a differen- 
tial position indicative of the particular kind of corre- 
sponding order character indexed in said keyboard, and a 
second electrically energizable differential stop means for 
selectively immobilizing each of said differential actua- 
tors in a differential position indicative of a particular 
kind of character; additional means for determining when 
the mobile actuators are at any of the plurality of dif- 
ferential positions; means for providing information in- 
dicative of the positions at which said actuators were 
differentially set; means operatively coimected to said 
information providing means and said read-write means 
for causing a word manifestation indicative of the dif- 
ferentially-set positions of said actuators to be stored in 
said storage device at the selected storaged location 
dictated by said address selecting means; means for re- 
ceiving a ledger card record medium having informa- 
tion both magnetically recorded and printed thereon, 
said means being capable of positioning said medium in 
operative relationship with respect to said recording 
means such that a subsequent printing operation on said 
medium is effected by said recording means along a pre- 
determined printing line of said medium; signal reproduc- 
ing means for sensing the information magnetically re- 
corded on said ledger card record medium; means opera- 
tively connected to said signal reproducing means and 
to said read-write means for causing word manifesta- 
tions indicative of said magnetically recorded informa- 
tion to be stored in said storage device at the particular 
storage locations selected by said address selecting means; 
means setable to a predetermined pattern of con- 
trol indicative of a desired computational operation to 
be executed; control means responsive to said pattern of 
control and operatively associated with said read-v/rite 
means and with said address selecting means for effect- 
ing the reproduction of predetermined v/ord mani- 
festations from said storage device, and including means 
for executing the particular computational operation on 
said reproduced word manifestations as indicated by said 
pattern of control; means for initiating a cycle of opera- 
tion of said recording means; means operatively con- 
nected to said second differential stop means and said 
additional means for causing said differential actuators to 
be immobilized at differential positions collectively indi- 
cative of a selected portion or portions of the results of 
said computational operation such that said selected 
portion or portions of said computational results is sub- 
sequently printed on said record medium along said pre- 
determined printing line; and means associated with said 
signal reproducing means for magnetically recording on 
said ledger card record medium a selected portion or 
portions of said computational results white effectively 
erasing the information previously recorded magnetically 
thereon. 



6. A computing machine in accordance v^ith claim 5, 
which further includes means for recording on said ledger 
card record medium a magnetic indication indicative of 
the location of the next printing line of said medium 

5 along which a subsequent printing operation is to be 
effected. 

7. A computing machine in accordance with claim 5, 
wiiich further includes means for recording on said ledger 
card record medium a magnetic indication whose posi- 

10 tion corresponds to the vertical location of the next 
printing line of said medium along which a subsequent 
printing operation is to be effected. 

8. An electronic digital computing machine compris- 
ing: a storage device of a type providing a plurality of 

15 addressable storage locations with each storage location 
being capable of having word manifestation stored there- 
in; address selecting means associated v/ith said storage 
device for obtaining access to any chosen storage location 
thereof; read-write means associated with said storage de- 

20 vice for selectively storing a word man ifestation and repro- 
ducing a word manifestation previously stored at the par- 
ticular storage location dictated by said address selecting 
means; key-set recording means capable of selectively 
printing a plurality of characters of a plurality of selected 

25 kinds on an associated medium during a cycle of opera- 
tion thereof, said recording means including means for 
driving said recording means through cycles of opera- 
tion, a plural order series of differential actuators each 
being movable between a norma! position and any of 

30 a series of differential positions each indicative of a char- 
acter of a different kind, means driven by said drive 
means to advance said differential actuators to differential 
positions and again return said actuators to normal posi- 
tion in a cycle of operation of said recording means, a 

35 first differential stop means settabie from the keyboard 
of said recording means for selectively immobilizing each 
of said differential actuators in a differential position 
indicative of the particular kind of corresponding order 
character indexed in said keyboard, and a second elec- 

40 trically energizable differential stop means for selectively 
immobilizing each of said differential actuators in a dif- 
ferential position indicative of a particular kind of char- 
acter; additional means for determining when the mobile 
actuators are at any of the plurality of differential posi- 

45 tions; means for providing information indicative of the 
positions at which said actuators were difFerentially set; 
means operatively connected to said information provid- 
ing means and said read-write means for causing a word 
manifestation indicative of ti;c di:Terentiall\'-sct positions 

GO of said actuators to be stored in said storage device at 
the selected storage location dictated by said address se- 
lecting means; means for receiving a ledger card record 
medium having data and synchronizing information mag- 
netically recorded thereon, said means being capable of 

55 positioning said medium in operative relationship with 
respect to said recording means so that a subsequent print- 
ing operation on said medium is effected by said record- 
ing means along a predetermined printing line of said 
medium; signal reproducing means for sensing the in- 

60 formation magnetically recorded on said ledger card rec- 
ord medium; means operatively connected to said signal 
reproducing means and to said read-write means for caus- 
ing word manifestations indicative of said magnetically 
recorded data information to be stored in said storage 

05 device at the particular storage locations selected by said 
address selecting means and at a speed determined by 
said magnetically recorded synchronizing information; 
means settable to a predetermined pattern of control in- 
dicative of a desired computational operation to be exe- 

70 cuted; control means responsive to said pattern of control 
and operatively associated with said read-write means and 
v/ith said address selecting means for effecting the repro- 
duction of predetermined word manifestations from said 
storage device, and including means for executing the 

75 particular computational operation on said reproduced 
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word manifestations as indicated by said pattern of con- 
trol, all at a speed substantially higher than the opera- 
tional speed of said signal reproducing means; synchro- 
nizing means operatively connected to said signal repro- 
ducing and said control means for synchronizing the op- 5 
erational speeds thereof; means for initiating a cycle of 
operation of said recording means; means operatively con- 
nected to said second differential stop means and to said 
additional means for causing said differential actuators to 
be immobilized at differential positions collectively in- 10 
dicative of a selected portion or portions of the results 
of said computational operation such that said selected 
portion or portions of said computational results is sub- 
sequently printed on said record medium along said pre- 
determined printing line; and means associated with said 15 
signal reproducing means for magnetically recording on 
said ledger card record medium a selected portion or por- 
tions of said computational results while effectively eras- 
ing the data information previously recorded magnetically 
thereon, all at substantially the same rate of speed as the 20 
operational speed of said signal reproducing means. 

9. An electronic digital computing machine compris- 
ing: a storage device of a type providing a plurality of 
addressable storage locations with each storage location 
being capable of having a word manifestation stored there- 25 
in; address selecting means associated with said storage 
device for obtaining access to any chosen storage loca- 
tion thereof; read-write means associated with said storage 
device for selectively storing a word manifestation and 
reproducing a word manifestation previously stored at the 30 
particular storage location dictated by said address select- 
ing means; key-set recording means capable of selectively 
printing a plurality of characters of a plurality of selected 
kinds on an associated medium during a cycle of opera- 
tion thereof, said recording means including means for S5 
driving said recording means through cycles of operation, 
a plural order series of differential actuators each being 
movable between a normal position and any of a series 
of differential positions each indicative of a character 
of a different kind, means driven by said drive means to 40 
advance said differential actuators to differential posi- 
tions and again return said actuators to normal position 
in a cycle of operation of said recording means, a first 
differential stop means settable from the keyboard of said 
recording means for selectively immobilizing said differ- 45 
ential actuators in a differential position indicative of a 
particular kind of character; additional means for deter- 
mining when the mobile actuators are at any of the plu- 
rality of differential positions; means for providing in- 
formation indicative of the positions at which said actua- 50 
tors were differentially set; means operatively connected to 
said information providing means and said read-write 
means for causing a word manifestation indicative of the 
differentially-set positions of said actuators to be stored 
in said storage device at the selected storage location 55 
dictated by said address selecting means; means for re- 
ceiving a ledger card record medium having data, syn- 
chronizing and linefinding information magnetically re- 
corded thereon; signal-reproducing means for individually 
sensing the data, synchronizing and linefinding informa- gQ 
tion recorded on said ledger card record medium; means 
associated with said receiving means for causing said 
ledger card record medium to be positioned in operative 
relationship with respect to said recording means and at 
a position dicated by the sensed linefinding information, (35 
such that a subsequent printing operation on said medium 
is effected by said recording means along the particular 
printing line of said medium indicated by said linefinding 
information; means operatively connected to said signal- 
reproducing means and to said read-write means for caus- -jq 
ing word manifestations indicative of said magnetically 
recorded data information to be stored in said storage 
device at the particular storage locations selected by said 
address selecting means and at a speed determined by 
the sensed synchronizing information; means settable to 75 



a predetermined pattern of control indicative of a desired 
computational operation to be executed; control means 
responsive to said pattern of control and operatively as- 
sociated with said read-write means and with said address 
selecting means for effecting the reproduction of prede- 
termined word manifestations from said storage device, 
and including means for executing the particular compu- 
tational operation on said reproduced word manifesta- 
tions as indicated by said pattern of control, all at a speed 
substantially higher than the operational speed of said 
signal reproducing means; synchronizing means opera- 
tively connected to said signal reproducing and said con- 
trol means for synchronizing the operational speeds there- 
of; means for initiating a cycle of operation of said re- 
cording means; means operatively connected to said sec- 
ond differential stop means and to said additional means 
for causing said differential actuators to be immobilized 
at differential positions collectively indicative of a selected 
portion or portions of the results of said computational 
operation such that said selected portion or portions of 
said computational results is subsequently printed on said 
record medium along the particular printing line dictated 
by the sensed linefinding information; means associated 
with said signal reproducing means for magnetically re- 
cording on said ledger card record medium a magnetic 
indication v.'hose position correspondings to the next print- 
ing line along which a subsequent printing operation is 
to be effected on said ledger card record medium, while 
effectively erasing the linefinding information previously 
recorded magnetically on said medium; and means asso- 
ciated with said signal reproducing means for magnetical- 
ly recording on said record medium both synchronizing 
information and a selected portion or portions of said 
computational results synchronized therewith while ef- 
fectively erasing the syncrironizing and data information 
previously recorded magnetically thereon, all at substan- 
tially the same rate of speed as the operational speed 
of said signal reproducing means. 

10. An electronic digital computing machine compris- 
ing: a storage device of a type providing a plurality of 
separate storage locations, each storage location being 
capable of having a word manifestation stored therein; 
address selecting means associated with said storage de- 
vice for obtaining access to any chosen storage location 
Itiereof; read-write means associated with said storage 
device for selectively storing a word manifestation and 
reproducing a word manifestation previously stored at 
the particular storage location selected by said address 
selecting means; means for receiving ledger card record 
media each having data and synchronizing information 
recorded thereon; signal reproducing means for sensing 
said data and synchronizing information and operatively 
connected to said read-write means whereby word mani- 
festations indicative of said data information are stored 
in said storage device at the selected storage locations 
selected by said address selecting means and at a speed 
determined by said synchronizing information; means set- 
lable to a predetermined pattern of control indicative of 
a desired computational operation to be executed; control 
means responsive to said pattern of control and opera- 
tively associated with said read-write means and with 
said address selecting means for effecting the reproduc- 
tion of predetermined word manifestations from said 
storage device, and including means for executing the 
particular computational operation on said reproduced 
word manifestations as indicated by said pattern of con- 
trol, all at a speed substantially higher than the opera- 
tional speed of said signal reproducing means; synchro- 
nizing means operatively connected to said signal repro- 
ducing and said control means for synchronizing the op- 
erational speeds thereof; and means associated with said 
signal reproducing means for recording on a selected 
one or ones of said ledger card record media a selected 
portion or portions of the results of said computational 
operation together with said synchrdnizing information. 
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